No  person  shall  he  allowed  to  have  out  more  than  one  volume  at  a  time,  which  mav  he 
retained  three  weeks;  and  any  person  who  shall  retain  a  bof)k  from  the  Library  beyonJthe 
time  prescribed,  sliall  pay  to  the  Librarian  a  fine  of  ten  cents  for  each  week  or  a  fraction  of 
a  week  the  Book  is  so  kept;  and  if  the  Book  is  not  returned  at  the  end  of  six  weeks  from 
the  time  it  was  first  taken  out,  the  holder  shall  be  liable  to  the  Board  for  the  retail  price  of 
the  Book  including^  the  amount  of  fines  imposed. 

If  any  person  shall  lose  or  injure  a  Book  he  shall  replace  the  same,  or  pay  an  equivalent 
in  money,  and  if  the  Book  lost  or  injured  be  one  of  a  series,  he  shall  make  the  series  whole. 

No  person  from  whom  any  hire,  fine  or  forfeiture  is  due,  or  who  has  damaj^-ed  or  lost 
any  Book  for  which  he  has  not  paid,  shall  be  permitted  to  have  the  use  of  the  Library  or 
Readini^  Room  until  satisfaction  ])e  made. 


Books  shall  be  received  of  the  librarian  and  returned  to  him  in  person. 
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REPORT 


OF 


THE  CHIEF  OF  ORDNANCE 


War  Department,  Ordnance  Office, 

Washington^  October  1,  1880. 

The  Hon.  Secretary  of  War  : 

Sir  :  I  have  the  honor  to  submit  the  following  report  of  the  principal 
operations  of  the  Ordnance  Department  during  the  fiscal  year  ended  June 
30,  1880,  with  such  remarks  and  recommendations  as  the  interests  of  this 
branch  of  the  military  service  seem  to  require. 

The  fiscal  resources  and  expenditures  of  the  department  during  the 
year  were  as  follows,  viz  : 

Amoimt  ill  the  Treasury  to  the  credit  of  appropriations  on  June  30,  1879.    |^^24,  848  45 

Amount  in  the  Treasury  not  reported,  to  the  credit  of  approx)riations  on 

June  30,  1879   3,086  94 

Amount  in  governnient  depositories  to  the  credit  of  disbursing  officers 

and  others  on  June  30,  1879   79,  040  27 

Amoniit  of  ai)proi)riatious  for  the  service  of  the  fiscal  year  ended  June 
30,  1880   1,  464,  500  00 

Amount  refunded  to  ordnance  appropriations  in  settling  accounts  diu-ing 
the  fiscal  year  ended  June  30,  1880    18,  461  37 

Gross  amount  received  during  the  fiscal  year  ended  June  30,  1880,  from 
sales  to  officers;  from  rents ;  from  collections  from  troops  on  account  of 
losses  of,  or  damage  to,  ordnance  stores;  from  Chicago,  Rock  Island, 
and  Pacific  Railroad  Company ;  from  exchange  of  powdftr ;  from  sales 
of  condemned  stores;  and  from  all  other  sources  not  before  mentioned.     264,  008  68 

Total   2,  053, 945  71 

Amount  of  expenditures  during  the  fiscal  year  ended  June  30,  1880,  in- 
cluding expenses  attending  sales  of  condemned  stores,  exchange  of 
powder,  &c  $1, 597, 742  33 

Amount  deposited  in  Treasury  during  the  fiscal  year  ended  June  30, 1880, 

as  proceeds  of  sales  of  government  property   157,  915  39 

Amount  lapsed  into  the  Treasury  from  the  appropriation  "Ordnance  ma- 
terial," under  act  of  March  3,  1875,  during  the  fiscal  year  ended  June 
30,  1880    75 

Amount  transferred  from  ordnance  apjiropriations  in  settling  accounts 

during  the  fiscal  year  ended  June  30,  1880    52  36 

Amount  turned  into  the    surplus  fund"  on  June  30,  1880   539  21 

Amount  in  government  depositories  to  the  credit  of  disbursing  officers 

and  others  on  June  30,  1880   135, 996  13 

Amount  in  the  Treasury  not  reported  to  the  credit  of  apjiropriations  on 

June  30,  1880   7, 155  44 

Amount  in  the  Treasury  to  the  credit  of  appropriations  on  June  30,  1880.      154,  544  10 


Total 


2,  053,  945  71 
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The  duties  and  responsibilities  of  the  Ordnance  Department  are  fixed 
by  the  la\YS.  The  department  provides  arm s  and  ordnance,  and  ordnance 
stores  for  onr  sea  coast  defense,  and  the  Kegnhxr  Army  in  all  its  branches  f 
supplies  (he  whole  body  of  the  militia,  the  Marine  Corjis  of  the  Navy, 
all  other  departments  of  the  government  when  necessary  to  protect  pub- 
lic money  and  property,  and  the  thirty  colleges  authorized  to  receive 
arms.  It  does  more,  its  province  is  to  determine  on  the  best,  most  effi- 
cient, and  most  effective  war  material  for  the  service,  and  its  responsi- 
bilities in  this  regard  are  ever  present  and  never  ending.  The  product 
that  has  taken  years  of  study  and  trial  to  perfect  not  only  in  design,  but 
In  manufacture,  may  appear  to  the  user  so  simple  that  the  least  imper- 
fection will  insure  an  adverse  judgment.  No  one  who  has  not  had  prac- 
tical experience  can  understand  or  realize  the  many  and  complicated 
conditions  that  accompany  the  use  of  explosives,  whether  in  the  produc- 
tion of  a  heavy  gun  to  pierce  the  thicke-st  armor,  or  of  the  small  metallic 
cartridge  that  has  well  nigh  revolutionized  modern  methods  of  warfare. 
It  is  easier  to  criticise  the  completed  product  than  it  is  to  overcome  the 
many  difficulties  and  obstacles  to  the  perfe(*tion  of  that  product.  I  am 
proud  to  say  that  the  Ordnance  Department  has  enjoyed  a  large  measure 
of  success  in  the  performance  of  its  very  varied  and  most  important  duties. 

STATIONS  AND  DUTIES. 

The  officers  of  the  department  are  stationed  as  follows:  Two  at  the 
Ordnance  Office ;  twenty-six  at  the  Arsenals ;  five  at  the  National  Ar- 
mory ;  two  at  the  powder  depots ;  three  on  the  Ordnance  Board ;  two 
at  the  foundries ;  three  at  the  AgeiH?^'  and  Proving  ground ;  seven  at 
the  headquarters  of  Departments  and  Ordnance  depots  f  four  at  the  Mil- 
itary Academy  5  two  on  special  service  in  the  Interior  Department  5  one 
in  the  Treasury  Depaijtment,  and  two  on  sick  leave. 

During  the  fiscal  year  three  officers  of  the  line  have  been  transferred 
to  the  department,  after  examination,  as  required  by  law. 

RocJc  Island  Arsenal. — The  construction  of  workshops  at  the  Eock 
Island  Arsenal  has  been  satisfactorily  prosecuted  under  the  skillful  and 
economical  management  of  Maj.  D.  W.  Flagler,  commanding,  and  lib- 
eral appropriations  for  that  arsenal  are  recommended. 

Benicia  Arsenal. — I  respectfully  call  attention  to  the  necessity  for  a 
new  machine  shop  at  the  Benicia  Arsenal.  The  only  manufacturing 
establishment  on  the  Pacific  Coast  belonging  to  this  department  should 
be  provided  with  every  convenience  and  appliance  necessary  to  place  it 
on  a  working  basis.  That  coast  ought  not  to  depend  on  the  manufac- 
turing facilities  at  arsenals  three  thousand  miles  distant,  but  should  be 
in  a  manner  self-sustaining. 

Powder  Depot. — During  the  past  year  a  site  for  a  powder  depot  was 
selected  in  Morris  County,  New  Jersey,  far  removed  from  closely-settled 
neighborlioods,  but  convenient  to  railroad  and  canal  transportation. 
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The.  siti'  has  been  piircliased  jhuI  steps  are  being  taken  by  Major  Parker, 
connnaiidinj;',  to  commence  tlie  erection  of  magazines,  and  continno  the 
work  as  rapidly  as  means  are  provided  by  Congress.  This  depot,  when 
storage  room  in  snfficient  quantity  has  been  provided,  will  relieve  the 
department  irom  much  anxiety  and  responsibility  in  regard  to  the  stor- 
tige  and  preservation  of  guni)o\vder.  It  will  enable  us  to  remove  such 
a  dangerous  explosive  from  the  vicinity  of  our  cities,  and,  in  preventing 
its  deterioration,  by  storing  in  well-constructed  magazines,  rei)ay  the 
cost  of  its  establishment  before  many  years. 

San  Antonio  Arsenal. — The  report  of  a  recent  inspection  of  the  8au 
Antonio  Arsenal,  Texas,  by  one  of  our  ordnance  officers,  fully  justifies' 
the  estimates  submitted  for  that  arsenal.  The  additional  land  so  often 
recommended  should  be  purchased,  new  store  houses  and  quarter>s 
should  be  at  once  erected,  and  the  old  dilapidated  buildings  removed. 
In  the  long  series  of  years  during  which  that  arsenal  has  so  efficiently 
supplied  the  wants  of  the  Eio  Grande  frontier,  only  ordinary  and  minor 
repairs  have  been  made  to  the  buildings,  and  the  time  has  come  when 
more  substantial  repairs  and  new  constructions  are  an  absolute  neces- 
sity. We  need  shox)S  and  more  storage  room,  and  the  api^ropriation  of 
money  estimated  for  is  earnestly  recommended. 

Watervliet  Arsenal — At  the  ^A^atervliet  Arsenal  all  work  has  been 
conducted  satisfactorily  to  the  department.  The  high  estimate  placed 
by  the  Army  and  militia  on  the  products  made  and  issued  at  that  arsenal 
are  due  to  the  great  experience  and  able  supervision  of  Col.  P.  Y.  Hag- 
ner,  commanding. 

Ordnance  Depots, — The  ordnance  depots  established  at  Fort  Abraham 
Lincoln,  Cheyenne,  and  Fort  Leavenworth,  and  the  San  Antonio  and 
Fort  Union  Arsenals,  on  the  frontier,  have  been  of  the  greatest  conve- 
nience in  speedily  and  thoroughly  supplying  the  troops  in  the  respective 
departments. 

Frankford  Arsenal. — Frankford  Arsenal  still  continues  to  be  the  me- 
tallic cartridge  factory,  and  its  ammunition  is  without  a  superior,  judg- 
ing from  Army  reports.  It  has  for  some  time  been  my  intention  to 
recommend  the  adoption  of  a  reloading  cartridge  as  an  economy,  and 
the  trials  and  experiments  conducted  with  that  in  view  will  soon  enable 
me  to  reach  a  definite  conclusion.  The  present  long-range  excitement 
points  to  heavy  charges  and  severe  recoils,  but  the  experience  of  other 
armies  and  a  little  reflection  convince  me  that  for  Army  purposes  the 
best  average  results  can  be  obtained  by  keeping  the  charge  within  mod- 
erate limits. 

Sandy  HooU  Proving  Ground. — Estimates  for  buiklings  and  improve- 
ments at  the  Sandy  Hook  Proving  Ground  have  been  submitted.  The 
interesting,  important,  and  successful  labors  that  have  been  and  are 
being  conducted  there  fairly  deserve  the  fostering  care  of  Congress,  and 
I  recommend  liberal  aj)i)ropriations  for  thv  |»roving  grouad. 
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UNITED  STATES  TESTING-MACHINE. 

This  extraordinary  machine  is  now  in  successful  operation  at  the 
Watertown  Arsenal,  under  the  command  of  Col.  T.  T.  S.  Laidley,  Ord- 
nance Department.  The  appropriation  made  last  session  for  its  care 
and  oi)eration  will  enable  us  to  fully  test  its  capabilities  and  make  a 
substantial  beginning  toward  the  testing  of  metals. 

This  machine  is  considered  the  most  perfect  testing-machine  in  the 
world;  equally  able  to  test  a  single  li  r  and  the  largest  column;  accu- 
rately testing  specimens  by  either  tension  or  compression  with  any  load 
desired  from  1  i)ound  to  800.000  pounds,  the  specimens  being  of  any 
length  from  one  inch  to  thirty  feet.  Its  determinations  are  of  great 
value  to  the  departments  of  the  government  and  to  the  scientific  and 
industrial  interests  of  the  whole  country. 

The  memorial  of  the  inventor  of  this  machine,  Mr.  A.  H.  Emery,  pre- 
sented to  Congress  at  the  last  session,  asking  for  additional  compensa- 
tion and  reimbursement,  with  a  favorable  report  from  the  Committee  on 
Claims  of  the  House  of  Representatives,  are  herewith  submitted.  I  re- 
spectfully recommend  favorable  action  thereon. 

MILITIA. 

"Congress  shall  have  power" — 

To  provide  for  calling  forth  the  militia  to  execute  the  laws  of  the  Union,  suppress 
insurrections,  and  repel  invasions. 

To  provide  for  organizing,  arming,  and  disciplining  the  militia,  and  for  governing 
such  part  of  them  as  may  he  employed  in  the  service  of  the  United  States,  reserving 
to  the  States,  respectively,  the  appointment  of  the  officers,  and  the  authority  of  train- 
ing the  militia  according  to  the  discipline  prescribed  by  Congress. 

To  make  all  laws  which  shall  be  necessary  and  ])roper  for  carrying  into  execution 
the  foregoing  powers,  and  all  other  powers  vested  by  this  Constitution  in  the  Gov- 
ernment of  the  United  States,  or  in  any  department  or  officer  thereof. 

No  State  shall,  without  the  consent  of  Congress,  *  *  *  keep  troops,  or  ships  of 
war,  in  time  of  peace,  *  *  *  or  engage  in  war,  unless  actually  invaded,  or  in  such 
imminent  danger  as  will  not  admit  of  delay. 

This  is  the  language  of  the  Constitution  of  the  United  States,  and  I 
invite  attention  to  the  completeness  of  the  authority  granted  to  Con- 
gress by  these  provisions. 

In  my  last  annual  report  this  subject  was  discussed  to  a  considerable 
extent,  and  some  recommendations  were  made  in  the  interest  of  a  more 
efficient  organization,  a  more  complete  armament  and  equipment,  and  a 
more  thorough  disciplining  of  the  militia. 

During  the  last  session  of  Congress  the  Committee  on  the  Militia  of  the 
House  of  Kepresentatives,  after  mature  consideration,  reported  a  bill  (H. 
E.  5638),  accompanied  by  a  report  (No.  763),  which  I  submit  herewith. 

That  report  gives  an  interesting  history  of  the  militia  laws,  from  the 
first  action  of  the  Continental  Congress  in  its  series  of  resolutions  of 
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July  18,  1775,  and  discusses  in  detail  the  proposed  law  which  it  now 
reconiniends.    In  its  closing  paragrai)hs  the  committee's  report  saj  s : 

Whilt'  (lio  proposed  bill  scarcely  involves  the 

POWERS  OF  CONGKES.S  AND  TtTGHTS  OF  TIIK  STATES, 

your  coaimittee  deem  it  proper  to  present  its  bearings  on  those  points  in  order  tliat 
no  question  may  arise  in  regard  to  them. 

There  is  no  feature  in  our  form  of  government  in  which  the  powers  of  the  General 
Government  and  the  rijjhts  of  th'e  States  are  so  intiniately  interwoven  as  in  the  juris- 
diction over  the  militia.  One  of  the  stated  primary  causes  for  forming  the  Union 
was  to  provide  for  the  common  defense."  In  the  opinion  of  the  framers  of  the  Con- 
stitution, a  well-regulated  militia  was  the  essential  means  of  providing  for  the  com- 
mon defense,  and  they  accordingly  framed  the  clause  to  provide  that  Congress  shall 
have  power — 

"To  provide  for  organizing,  arming,  and  disciplining  the  militia,  and  for  governing 
such  part  of  them  as  may  be  employed  in  the  service  of  the  United  States,  reserving 
to  the  States  respectively  the  appointment  of  the  officers,  and  the  authority  of  train- 
ing the  militia  according  to  the  discipline  prescriljed  by  Congress." 

The  purposes  and  provisions  of  this  clause  are  clearly  and  distinctly  stated  and 
scarcely  admit  of  misinterpretation.  The  States  are  expressly  limited  to  the  ap- 
pointment of  the  officers  and  to  training  the  militia,  and  in  training  it  according  to 
the  discipline  prescribed  by  Congress.  If  the  x^ower  conveyed  to  Congress  by  the 
words  "organizing,  arming,  and  disciplining"  could  be  doubted,  the  debates  of  the 
Federal  Convention  are  sufficiently  clear  to  remove  them.  The  committee  that  re- 
ported the  clause,  on  being  asked  the  scope  of  the  powers  that  they  intended  to  convey, 
replied  that  they  meant  by  organizing,"  proportioning  the  officers  to  the  men  ;%)y 
"arming,"  not  only  to  provide  for  uniformity  of  arms,  but  the  authority  to  regulate 
the  modes  of  furnishing  them,  either  by  the  militia  themselves,  the  State  gov^ernments^ 
or  the  National  Treasury ;  and  by  "disciplining,"  to  prescribe  the  manual  exercise, 
evolutions,  &c.,  5nd  that  laws  for  disciplining  must  involve  penalties  and  everything 
necessary  for  enforcing  penalties. 

The  debates  of  the  Federal  Convention  on  adopting  the  clause,  though  short,  are 
pertinent. 

Mr.  Mason,  who  introduced  the  subject,  thought  that  all  power  over  the  militia 
should  be  vested  in  the  General  Government,  which  he  subsequently  modified  by  sug- 
gesting that  this  absolute  power  should  be  limited  to  a  portion  of  the  militia  at  a  time, 
80  that  by  serving  in  rotation  the  whole  body  would  finally  be  disciplined. 

Mr.  Madison  thought  that  the  regulation  of  the  militia  naturally  appertained  to  the 
authority  charged  with  the  public  defense,  that  it  did  not  seem  in  its  nature  divisible 
between  two  distinct  authorities,  and  that  the  discipline  of  the  militia  is  evidently  a 
national  concern,  and  ought  to  be  provided  for  in  the  National  Constitution. 

The  clause  as  reported  by  the  committee  had  but  little  opposition, 'it  being  conceded, 
as  stated  by  Mr.  Randolj^h,  that  reserving  to  the  States  the  appointment  of  the  officers 
was  all  the  security  they  needed.  Mr.  Dayton  and  Mr.  Ellsworth  expressed  themselves 
in  favor  of  placing  greater  limitation  on  the  jjower  of  Congress,  but  a  motion  made 
for  that  purpose  received  only  one  vote,  that  of  Mr.  Ellsworth,  wto  moved  it,  and  the 
clause,  as  it  now  stands,  was  therefore  adopted  with  a  marked  unanimity  in  sentiment 
and  vote. 

We  have  only  adverted  to  the  question  of  the  constitutional  power  of  Congress  as  a 
matter  of  historical  interest  in  connection  with  the  general  subject,  for  whatever  ques- 
tion there  may  be  as  to  the  constitutionality  of  the  existing  law,  or  of  some  of  the 
plans  heretofore  suggested  for  reorganizing  the  militia,  none  can  possibly  arise  on  the 
proposed  bill,  for  it  is  a  happy  solution  of  all  the  constitutional  questions  involved. 
There  is  not  a  compulsory  feature  in  the  bill.    It  simply  s.tys  to  the  States  that  if  they 
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will  by  tlieir  ov.  n  laws  provide  for  and  enforce  such  reqnircments  as  Congress  deems 
necessary  to  secure  an  efficient  militia,  Congress  will  exercise  its  unquestioned  con- 
stitutional power,  and  provide  for  arming  such  militia  out  of  the  National  Treasury. 

Section  2  of  the  bill  provides:  ''That  the  militia  shall  be  divided  into 
two  classes:  the  active,  to  be  known  as  the  National  Guard;  and  the 
inactive,  to  be  known  as  the  reserve  militia." 

Section  7  limits  the  number  of  the  "active"  militia  to  not  more  than 
seven  hundred  for  each  Representative  or  Delegate,  that  is  an  aggregate 
for  the  whole  country  of  about  200,000  men,  to  be  known  as  the  National 
Guard.  The  "inactive"  militia  will  be  composed  of  the  remainder  of 
the  "  abled-bodied  male  citizens"  between  the  ages  of  eighteen  and  forty- 
five,  which  amount  to  over  0,000,000  of  men.  It  is  thus  seen  that  only 
one  out  of  every  thirty  men  will  be  enrolled  in  the  National  Guard,  which 
is  surely  a  very  small  fraction  of  the  population  for  so  large  a  country 
geographically  as  the  United  KStates. 

The  end  and  aim  of  this  bill  is  to  organize,  arm  and  discipline  only  a 
Ismail  portion  of  the  able-bodied -men,  but  to  do  so  so  perfectly  that  the 
country  may  at  all  times  be  in  possession  of  200,000  soldiers — citizen 
soldiers,  as  distinguished  from  the  Kegular  Army — but  soldiers  in  fact, 
in  organization,  in  discipline,  in  the  use  of  arms,  and  ready  at  a  moment's 
call  to  take  the  field. 

To  do  this  thoroughly  and  effectually  requires  arms,  clothing,  equip- 
a^,  time  expended  in  camp,  enthusiasm  and  encouragement  from  the 
top  through  all  the  grades  to  the  private  soldier  at  the  bottom,  but  first 
of  all  a  liberal  appropriation  by  Congress  to  start  and  give  a  healthy 
im}>etus  to  the  movement. 

The  object  of  this  bill  is  simply  stated  by  the  committee  in  its  report : 
"  That  if  tlmj  [the  States)  ivill  hy  their  laics  provide  for  and  enforce 
such  requirements  as  Congress  deems  necessary  to  secure  an  efficient  militia^ 
Congress  will  exercise  its  miqiiestioaed  constitutional  poiver^  and  provide 
for  arming  such  militia  out  of  tlu  National  Treasury P  And  with  this  in 
view  its  leading  features  are  thus  stated  : 

First.  To  substitute  a  volunteer  militia,  limited  in  number  in  time  of  peace,  for  the 
existing  compulsory  system  that  applies  to  the  whole  bodv  of  the  peoj)le,  and  which 
Las  become  so  inapplicable  as  to  be  utterly  disregarded. 

Second.  To  make  such  provisions  as  will  aid  and  encourage  the  formation  of  volun- 
teer organizations,  remove  the  disparity  in  their  numbers  and  discipline  that  exists 
between  different  States,  and  promote  their  efficiency  to  a  common  standard  that  will 
make  them  available  for  all  the  purposes  for  which  a  militia  is  required. 

Third.  To  abolish  the  present  system  of  a  permanent  appropriation  to  provide 
arms  and  equipments  for  the  militia,  and  substitute  provisions  prescribing  with  what 
arms  and  equipments  the  militia  shall  be  furnished,  and  on  what  conditions — leaving 
it  in  the  discretion  of  Congress  to  ri>g;ilate  the  annual  appropriations  for  that  jjurpose. 

Objection  has  been  made  to  section  19  of  this  bill,  empowering  the 
President  to  order  any  part  of  the  militia  into  the  United  States  serv- 
ice, because  it  authorizes  him  in  terms  "  To  issue  his  orders  for  that 
pui'pose  to  such  officers  of  the  active  militia  as  he  may  thiak  proper." 
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As  tlie  (M>iniiii(l(H^\s  report  vrry  corroctly  states,  tins  provision  dues  "not 
diller  materially  troni  existing-  law."  The  act  ot  February  -JS,  1705, 
^' To  provide  for  ealliii<;-  forth  the  mililia,"  «S:e.,  authorizes  the  President 
^'To  issue  his  orders  for  that  i)ur[)0se  to  such  ollicer  or  ollicers  of  the 
ndlitia  as  he  shall  thiuk  proper,"  and  section  1012,  Kevised  Statutes, 
uses  tlie  same  words;  so  that  it  would  seeui  that  this  objection  is  raised 
in  ignorance  of  the  law  iiassed  eighty  five  years  ago,  and  which  lias 
remained  unrepealed  to  this  day. 

While  not  claiming  absolute  perfection  for  its  i)rovisions,  1  am  thor- 
oughly convinced  that  such  legislation  will  be  timely  and  wise,  show  on 
the  part  of  Congress  an  interest  in  this  most  im})ortant  arm  of  the 
national  power,  convince  those  who  have  labored  so  faithfully  to  keep 
alive  a  healthy  military  siiirit  in  the  militia  that  their  eftbrts  liave  not 
been  in  vain,  and  will  ])laee  the  lighting  portion  of  ihe  country  in  a  con- 
dition for  prompt  and  efticient  action. 

This  bill  reaches  in  its  eftect  every  portion  of  tlic  country,  sprea<lsthe 
facilities  for  making  good  soldiers  throughout  the  length  and  breadth 
of  the  land,  neglects  no  portion,  however  remote  or  inaccessible,  and 
sui)plies  the  means  for  training  a  nucleus  of  soldiers  in  every  locality 
about  which  in  time  of  need  regi?jients  and  armies  may  rally.  It  will 
jdace  the  country  in  condition  of  active  preparation  for  emergencies, 
and  show  to  the  world  that  the  citizens  of  this  country  are  its  soldiers. 

The  general  conclusions  of  the  committee  in  its  re})ort  are  as  follows: 

From  this  review  of  tlie  subject  your  committee  are  satisfied  that  time  has  solved 
those  diftieulties  of  the  militia  system  for  which  the  wisdom  of  our  predecessors  could 
find  no  acceptable  remedy,  ami  that  the  great  iucrease  in  the  population  of  the  coun- 
try now  makes  it  not  only  practicable  but  desirable  to  substitute  the  volunteer  sys- 
tem for  enforced  militia  duty  in  time  of  peace.  The  subject  is  one  on  which  there 
never  have  been  any  political  difierences,  and  on  which  none  should  exist.  Wa-sh- 
ington,  as  the  exponent  of  the  Federalists,  was  unceasing  in  his  elForts  to  procure  leg- 
islation, and  Jeflerson,  as  the  leader  of  the  Anti-Federalists,  was  even  more  importu- 
nate in  urging  it.  In  view  of  these  facts,  and  of  the  fact  that  we  now  have  jiractL- 
cally  no  militia  system,  and  that  the  strength  andperi^etuity  of  our  republican  form 
of  government  largely  depend  on  the  existence  of  a  well-regulated  militia,  we  indulge 
the  hope  that  the  subject  will  receive  the  earnest  consideration  which  it  deserves,  and 
that  some  decisive  action  will  be  taken  on  it. 

As  bearing  directly  upon  this  subject,  I  submit  copy  of  Senate  Ex. 
Doc.  22,  45th  Congress,  2d  session,  being  my  reply  to  the  several  points 
of  inquiry  embraced  in  Senate  resolution  of  13th  of  December,  1877,  in 
regard  to  the  militia. 

For  many  years,  in  my  Annual  Eeports  and  in  other  ways,  I  have 
urged  upon  Congress  the  wants  of  the  whole  body  of  the  militia,  and 
the  necessity  for  legislation  thereon.  The  permanent  appropriation  of 
$200,000,  ample  no  doubt  in  1808  for  a  population  of  eight  millions,  has 
I)roved  entirely  inadequate  for  a  population  of  nearly  tifty  millions,  and 
a  country  washed  by  two  oceairs,  with  over  three  thousand  miles  be- 
tw^een  their  shores.    The  laws  on  our  statute  books  for  organizing  the 
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militia  are  obsolete  in  part,  and  in  part  inoperative.  They  were  prob- 
ably found  all-sufficient  for  the  militia  in  the  early  portions  of  our  his- 
tory with  a  small  population,  the  country  sparsely  settled,  and  no  grand 
centers  of  busy,  bustlini^,  tliriving  people;  but  in  our  present  condition, 
with  an  immense  territory  bordered  by  j)owerful  neighbors,  with  im- 
mense wealth  and  the  greatest  prosperity,  with  a  present  and  a  future 
the  envy  and  admiration  of  the  nations,  these  laws  are  insufficient. 
They  should  be  replaced  by  others  that  will  more  surely  and  practically 
carry  out  the  views  of  the  framers  of  the  Constitution,  and  satisfy  the 
present  wants  and  future  demands  of  our  people. 

The  bill  under  consideration  may  not  be  complete  in  its  provisions  nor 
perfect  in  its  details,  nor  sufficiently  comprehensive  in  its  scoi)e,  but  it 
fixes  our  active  volunteer  militia  within  practicable  limits,  makes  it  an 
intelligent  living  force  that  can  be  utilized  and  controlled,  and  brings 
the  protection  of  a  legalized  armed  body  of  our  citizens  within  easy 
reach  of  exerj  portion  of  the  country. 

I  have  therefore  the  honor  to  recommend  this  subject  to  your  favora- 
ble consideration,  in  the  hope  that  the  provisions  of  the  bill  will  receive 
your  approval,  and  that  Congress  will,  at  its  next  session,  pass  the  bill, 
and  make  liberal  appropriations  to  supply  all  the  wants  of  the  active 
militia. 

TARGET  PRACTICE— CREEDMOOR. 

The  interest  manifested  in  rifle  firing  throughout  the  Army  has  cul- 
minated in  the  victory  gained  at  Creedmoor  by  the  Army  team  from  the 
Division  of  the  Missouri.  In  the  international  military  match,  Septem- 
ber. 16,  1880,  the  contest  for  the  Hilton  shield  was  narrowed  down  to 
the  three  Army  teams,  and  to  one  each  from  'New  Jersey,  Connecticut, 
and  Pennsylvania.  The  Missouri  team  took  the  prize,  the  Atlantic  and 
Pacific  teams  coming  next  in  order.  The  scores  were  as  follows  :  Mis- 
souri, 1,023;  Atlantic,  1,014  ;  Pacific,  1,004;  New  Jersej',  972;  Connec- 
ticut, 959 ;  Pennsylvania,  951. 

The  Ar'my  and  Navy  Journal,  in  its  issue  of  September  25,  1880,  page 
149,  speaking  of  last  year's  contest,  says : 

It  "was  now  conceded  that  the  rifles  as  well  as  the  men  had  sonietliing  to  do  in  the 
victory  of  New  York's  marksmen,  and  during-  the  winter  of  1879-80  the  Ordnance 
Department,  U.  S.  A.,  songht  to  perfect  a  rifle  that,  in  the  hands  of  a  good  team, 
should  win.  Tliis,  as  the  records  of  the  match  prove,  they  have  most  successfully  ac- 
complished, and  the  riiie  used  by  the  Army  teams  in  1880,  with  its  six-groove  harrel, 
special  sights,  increased  ammunition,  and  perfect  stock,  is  one  of  the  handsomest 
weapons,  military,  that  we  have  ever  seen. 

That  the  Army  teams,  and  officers  and  soldiers  individually,  have  done 
the  service  great  honor  at  Creedmoor  is  conceded  by  all,  but  the  Army 
should  not,  and  will  not,  forget  to  give  with  lavish  hand  the  fullest 
credit  to  those  of  the  volunteers  who  established  the  firing  ground  at 
Creedmoor,  and  succeeded  so  well  in  satisfying  the  country  of  the  cry- 
ing necessity  for  the  best  marksmen  among  our  people.    These  contests^ 
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will  liMid  to  draw  closer  tlic  fniterual  relations  that  should  always  exist 
between  thw  volunteers  and  regulars,  a  bond  of  brotherhood  that  should 
be  as  iutiiuate  in  ])eace  as  it  must  ever  be  in  war,  and  this  J)ei)artnient 
will  in  I'utui'e,  as  it  has  in  the  i>ast,  assist  the  volunteer  militia  by  every 
means  in  its  power. 

MILITARY  EDUCATION  AT  COLLEGES. 

Section  1225,  llevised  Statutes,  as  amended  by  act  of  July  5,  187G, 
authorizes  the  issue  of  arms,  artillery,  &e.,  to  colleges  where  an  officer 
of  the  llegular  Army  has  been  detailed,  the  number  not  to  exceed  thirty, 
&c.  This  law  calls  for  material  modifications.  There  should  be  more 
permanency  in  the  detail  and  in  the  institution  that  is  to  receive  these 
benefits. 

As  each  State  is  expected  to  organize  its  portion  of  the  National 
Guard,  it  should  have  also  the  educational  facilities  for  the  instruction 
of  its  young  men  in  military  art  and  science.  To  this  end  the  law  should 
increase  the  number  of  colleges  entitled  to  receive  arms,  &c.,  allowing 
one  college  to  each  State  to  be  selected  by  the  legislature  thereof,  and 
an  additional  one  or  more  for  the  larger  States  to  be  determined  by  the 
Secretary  of  War,  the  whole  number  not  to  exceed  fifty.  Service  at  a 
college  should  not  be  considered  optional  with  the  officer  detailed,  but 
be  lixed  as  a  military  duty  to  which  all  officers  are  liable,  only  to  termi- 
nate at  the  discretion  of  the  War  Department.  Governmental  super- 
vision and  inspection  of  these  colleges  as  regards  military  training, 
discipline,  and  study,  should  be  a  condition  attached  to  the  acceptance 
of  the  liberality  of  the  general  government.  The  providing  of  officers 
and  arms  makes  these  colleges,  in  a  sense,  a  very  important  portion  of 
the  militar}'  establishment,  because  of  the  direct  influence  they  must 
exercise  over  the  efficiency  of  the  militia,  supplying,  as  they  will  from 
year  to  year,  a  number  of  competent  instructors. 

ARMAMENT  OF  FORTIFICATIONS. 

\  The  apx)rox)riation  for  armament  at  the  last  session  of  four  hundred 
thousand  dollars  is,  I  trust,  an  indication  of  a  liberal  policy  on  the  part 
of  Congress  toward  this  indispensable  arm  of  the  national  defense. 

In  making  this  appropriation  Congress  included  in  the  item  ^'the 
manufacture  of  four  improved  breech-loading  twelve-inch  rifled  guns," 
and  the  debates  clearly  show  that  it  was  the  intention  that  these  four 
should  be  at  once  made.  It  as  clearly  appeared  that  the  selection  of  the 
system  was  left  to  the  Ordnance  Department,  under  the  Secretary  of 
War,  and  the  expectation  was  as  plainly  stated  that  the  system  used 
would  be  the  one  that  had  so  successfully  stood  the  test  at  the  Sandy 
Hook  proving  ground. 

The  want  of  certain  portions  of  plant  to  enable  the  foundries  to  un- 
dertake the  manufacture  of  guns  larger  than  any  heretofore  made  in 
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this  country,  and  tlie  necessit3^  that  the  department  should  supply  a 
portion  of  it  in  aid  of  the  enterprise,  the  long  and  tedious  examinations 
and  calculations  to  reach  the  exact  cost  that  would  pay  the  foundries  a 
fair  profit  for  their  labor  and  risk,  delayed  tiie  placing  of  contracts  for 
some  time.  All  this  has,  however,  been  satisfactorily  settled,  and  the 
work  will  be  pushed  to  completion  as  rapidly  as  possible. 

No  stronger  argument  in  ftivor  of  large  annual  appropriations  can  be 
stated  than  the  fact  that  the  first  of  these  four  guns  will  be  completed 
and  delivered  to  ns  in  sixteen  months,  the  second  in  eighteen  months, 
the  third  in  twenty  months,  and  the  fourth  in  twenty-two  months,  or 
about  two  years  after  the  passage  of  the  bill  making  the  appropriation. 

The  money  that  may  be  expected  from  year  to  year  is  so  uncertain  as 
to  quantity  that  the  foundries  are  not  justified  in  running  the  risk  of 
making  such  ample  preparation  of  plant  as  the  increased  size  of  modern 
ordnance  requires  to  insure  a  large  yearly  product.  Two  years  to  com- 
plete four  guns  is  the  very  best  that  can  be  done  by  the  foundries  with 
all  the  assistance  this  department  can  render.  Mny  I  not  ask  that  it  be 
recommended  to  Congress  to  increase  the  appropriation  of  last  year, 
make  it  a  permanent  one,  if  possible,  that  the  existing  condition  of 
things  may  be  so  far  improved  by  Congressional  encouragement  as  to 
enable  our  foundries  to  perfect  their  establishment  so  as  to  do  the  largest 
amount  of  work  in  the  shortest  possible  time.  Liberal  appropriations 
for  the  armament  of  our  forts  are  of  the  first  importance,  and  cannot  be 
too  strongly  urged. 

In  my  last  annual  report  reference  was  made  to  the  trial  of  an  11  inch 
muzzle-loadiyig  rifle  converted  from  a  15-inch  smooth-bore,  which  had 
been  fired  only  33  rounds.  The  test  for  endurance  of  this  gun  was 
afterwards  continued  to  a  A^ery  successful  conclusion  j  401  rounds  were 
fired,  21  being  with  90  lbs.  of  powder  and  495  lbs.  shot ;  174  with  90  lbs. 
of  powder  and  543  lbs.  shot,  and  three  with  95  lbs.  powder  and  540 
lbs.  shot  (see  rex)ort  herewith).  This  trial  affords  additional  evidence  of 
the  strength  of  this  system  of  gun  construction,  which  had  been  so  suc- 
cessfully proven  in  the  trial  of  the  8-inch  rifles. 

The  8  inch  hrecch-loading  rifle,  which,  at  the  date  of  my  last  annuaL 
report,  had  only  been  fired  202  rounds,  has  been  further  tested  for  en- 
durance up  to  501  rounds,  489  of  which  were  with  battering  charges  of 
35  lbs.  powder  and  180  lbs.  shot.    The  report  of  the  Ordnance  Board 
concludes  as  follows : 

The  endurance  of  this  system  of  gun  construction,  and  the  endurance  as  well  as  the 
successful  manifestation  of  the  breech  mechanism,  in  the  opinion  of  the  Board,  have 
been  satisfactorily  established,  and,  in  its  judgment,  the  department  is  warranted  in 
their  ado^rtion  for  future  new  constructions,  as  well  as  in  future  conversions  of  smooth- 
bore into  rifled  guns. 

I  fully  concur  in  the  opinion  of  the  Ordnance  Board. 
The  chambered  S-inch  rifle. — Tlie  decided  advantages  resulting  from 
the  use  of  chambers  for  heavy  charges  having  been  demonstrated  by 
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(csiiiio-  a.  .'Much  liHc,  it  was  docidod  to  cliiiinber  one  of  tlie  8-iii(;li  liHes.  ' 
The  preliminary  firings  were  so  satisfjietory  that  I  directed  the  tirinj^-  of 
100  rounds  with  niaxinumi  charges  of  55  lbs.  |)owder  and  180  lbs.  of  shot. 
The  detailed  report  of  the  Or<lnaiiee  IJoard  is  herewith  submitted.  Its 
conclusions  are  as  follows : 

This  o.xperiuuMit  aliow.s  tliat  wiMi  pressures  entirely  within  the  limits  of  safety  the 
iucn'jisiHl  velocity  <liie  to  chamberinj;-  has  increased  the  power  of  the  8-inch  rille  about 
one-thir<l,  and  tliat  the.  increase  of  power  is  accompanied  by  an  incnsased  accuracy  of 
fire.  The  wear  of  bore  incident  to  the  hi*;her  cliar<^e  with  the  111  rounds  fired  seems 
no  greater  than  that  in  the  unchambere<l  gun  with  the  35-j>ouud  charj^e. 

The  system  of  chambering  in  all  future  conversions  or  new  construc- 
tions is  recommended. 

The  battering  charge  of  the  ordinary  8-inch  rifle  is  only  35  lbs. 
powder  and  ISO  lbs.  shot.  By  chambering,  we  are  enabled  to  increase 
the  powder  charge  from  35  to  55  lbs.  Its  penetration  at  1,000  yards 
will  be  9.03  inches,  the  ordinary  rifle  giving  only  7.73  inches.  The  9-inch 
English  rifle  gives  8.70  inches,  so  that  by  the  use  of  the  chamber  the 
energy  of  the  8-inch  has  been  increased  beyond  that  of  the  next  higher 
caliber,  English— a  most  satisfactory  result. 

The  report  of  the  constructor  of  ordnance  includes — 

The  report  on  a  breech-loading  chamhered  field  rifle  converted  from  a 
3-inch  wrought-iron  gun  gives  the  details  of  construction  by  which,  at  a 
reasonable  cost,  we  are  enabled  to  utilize  the  large  number  of  muzzle- 
loading  wrought-iron  guns  now  on  hand.  The  trial  has  been  so  conclu- 
sive that,  with  your  approval,  six  of  these  guns  are  now  being  prepared 
for  issue  to  the  artilley  for  test  in  actual  service. 

The  report  on  a  steel  and  iron  flsld  carriage  for  the  breech-loading 
rifle  mentioned  above  gives  the  details  of  its  construction.  It  is  the 
intention  to  supply  these  carriages  that  they  may  be  tested  with  the 
gnns  in  the  batteries  of  artillery.  The  introduction  of  metal  carriages 
for  the  field  service  has  not  been  a  necessity  until  now,  because  of  the 
large  supply  of  those  made  of  wood,  but  the  advisability  of  substituting 
metal  for  wood  was  recognized  in  the  experimental  iron  carriages  made 
by  Colonels  Eodma  i  and  Benton  fourteen  years  ago.  i 

Among  the  papers  submitted  are : 

The  report  of  the  construction  of  the  8-inch  chambered  rifle  referred  to 
heretofore ; 

Captain  Smith's  interesting  progress  report  on  experimental  cannon 
powders;  and  Lieutenant  Whipple's  valuable  report  on  tests  of  bar  iron 
used  in  the  fabrication  of  wrought-iron  tubes  for  converted  guns. 

In  closing  this  brief  summary  of  the  labors  of  the  Ordnance  Depart- 
ment on  the  great  gun  problem  we  can  fairly  lay  claim  to  have  achieved 
great  success.  As  the  use  of  gunpowder  in  full  battering  charges,  con- 
tinuously and  thoroughly  applied,  is  the  only  means  that  can  be  entirely 
relied  upon  as  affording  a  sure  and  crucial  test  for  endurance,  it  must 
be  admitted  that  our  system  of  conversion  has,  from  actual  experiments. 


XIV 


REPORT  OF  THE  CHIEF  OF  ORDNANCE. 


ou  our  proviDg-orouucl,  proved  a  success  for  all  calibers  and  kinds  tested, 
and  up  to  eleven  inches  in  bore.  W e  have  therefore  the  strongest  rea- 
sons to  hope  for  equal  success  i  n  the  production  of  new  guns  of  yet  higher 
natures,  made  on  the  same  general  principles  of  construction — applicable 
alike  to  muzzle-loading  and  breech-loading  systems— and  this,  too,  while 
attaining  all  the  advantages  of  the  latest  improvements  in  the  more 
recent  products  of  European  nations. 

It  is  but  justice  to  give  full  credit,  for  what  has  thus  far  been  so  suc- 
cessfully accomplished,  to  Taeut.  Col.  S.  Crispin,  constructor  of  ordnance, 
and  to  the  other  members  of  the  Ordnance  Board,  Lieut.  Col.  T.  G.  Baylor 
and  Maj.  C.  Comly,  and  the  late  Lieutenant-Colonel  Tread  well. 

EXPERIMENTAL  GUNS. 

Under  the  act  of  Congress  approved  June  6, 1872,  appropriating  funds 
for  the  procurement  and  tests  of  experimental  rifled  ordnance  of  heavy 
calibers  (to  be  selected  by  a  board  of  officers  of  the  United  States  Arm}-  to 
be  appointed  by  the  honorable  Secretary  of  War)  the  department,  under 
the  authority  of  law,  has  procured,  amongst  others,  several  guiis  which 
are  now  on  hand  at  the  proving-ground  at  Sandy  Hook  awaiting  trial. 
These  guns  are  the  Woodbridge  10-inch  rifle,  the  Thompson  12-inch 
breech-Joading  rifle,  the  Sutclifl'e  9-inch  breech-loading  rifle,  the  Lyman 
multi-charge  gun,  and  the  Mann  8-inch  breech -loading  rifle. 

The  Woodbridge  gun  has  been  fired  10  rounds ;  the  Thompson  2  rounds ; 
the  Sutcliffe  2G  rounds  j  the  Mann  11  rounds,  and  the  multi-charge  gun 
3  rounds. 

As  they  were  provided  for  experiments  and  tests,  and  none  have  so 
far  been  made  to  iinj  extent,  and,  in  view  of  the  developments  to  be  ex- 
pected regarding  the  numerous  questions  involved  in  gun  constructions, 
both  muzzle-loading  and  breech-loading,  and  to  be  made  in  furtherance 
of  the  solution  of  the  ballistic  questions  now  occupying  the  attention  of 
the  military  world,  and  the  improvements  to  be  developed  in  powders, 
projectiles,  the  system  of  rifling,  etc.,  the  trial  of  these  guns,  as  contem- 
plated by  law,  to  fully  test  these  different  inventions,  should  be  insti- 
tuted by  the  department.  I  have  accordingly  estimated  for  $117,600, 
which,  if  appropriated,  will  enable  me  to  have  the  merits  of  these  differ- 
ent systems  fully  determined. 

PROFESSIONAL  PAPERS. 

Attention  is  invited  to  the  several  interesting  professional  papers  by 
officers  of  the  Ordnance  Department,  herewith  submitted.  Among  the 
most  imj^ortant  are — 

The  report  on  the  Gardner  Machine  Gun  by  the  Ordnance  Board,  show- 
ing it  to  be  one  of  simple  construction,  easily  manipulated,  and  of  sure 
action.    A  few  have  been  procured  for  trial  in  the  field. 
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C-;il>taiii  (liccr's  iv]>ort  on  Colonel  Hentoirs  El(>(ttro-l>allistic  Mjidiiiie 
lor  (leteriniiini^;  tlio  velocity  of  projectiles. 

Lieiiteniuit  IJursseirs  report  on  WeUlon'.s  li;ui<>e-tin(ler. 

Captain  Smith's  most  valuable  rejmrt  on  Rilled  Guns,  irowitzers,  and 
Mortars  madoaud  used  abroad,  which  includes  au  interesting  discussion 
of  the  causes  on  which  the  effect  of  air  spacing  depends. 

These  several  papers  give  an  idea  of  the  many  fields  of  stud}^  which 
are  presented  to  the  ordnance  officer,  and  the  extent  and  manner  in 
which  some  of  these  fields  have  been  explored. 

SMALL-ARMS. 

There  were  manufactured  at  the  ^^'ational  Armory,  during  the  fiscal 
year,  20,387  rifles  and  carbines  at  a  cost  considerably  less  than  that  of 
previous  years. 

The  operations  at  the  armory  have  been  conducted  in  the  admirable 
and  satisfactory^  manner  which  always  characterizes  the  performance  of 
every  duty  by  Col.  J.  G.  Benton,  commanding.  The  reputation  of  the 
work  there  done  has  never  stood  higher  than  now,  and  it  can  safely  rest 
on  the  deserved  excellence  of  its  arms,  known  and  recognized  every- 
where. 

On  the  1st  of  July  there  were  in  store  as  a  reserve  supply^,  including 
the  above  number  made,  only  22,979,  showing  that  the  number  on  liand 
at  the  beginning  of  the  year  had  been  well-nigh  exhausted  during  the 
twelve  months,  by  issues  to  tlie  Army  and  militia,  &e.  At  this  rate  of 
mannfacture  and  consumption,  the  day  is  far  distant  when  onr  reserve 
supply  of  arms  will  have  reached  what  all  nations  consider  a  proper  one. 

At  its  last  session  Congress  made  an  appropriation  of  $300,000  for 
small-arms,  being  an  increai:^  of  $50,000  over  the  appropriation  for  the 
year  previous,  and  I  indulge  the  hope  that  the  amount  will  continue  to 
be  increased  from  year  to  year  until  the  country  is  better  prepared  for 
any  unforeseen  exigency. 

The  Si)ringfield  rifle  continues  to  give  very  general  satisfaction,  and 
the  complaints  made  against  it  are  not  greater  in  number  nor  more  in- 
tense than  is  the  case  in  other  armies  the  world  over.  I  am  satisfied 
thai  as  a  single  breech-loader  it  has  no  superior  as  a  military  arm,  and^ 
that  it  will  not  be  superseded  by  anything  short  of  a  magazine  gun. 
The  latter  will  unquestionably  be  adopted,  and  we  will  as  certainly 
do  so,  as  not  many  years  ago  we  adopted  the  revolver.  'No  magazine 
gun  has  yet  attained  that  perfection  and  completeness  that  will  war- 
rant its  general  introduction  in  the  army.  The  Hotchkiss  has  met  with 
reverses,  due  to  hasty  manufacture  and  imperfect  design  In  some  of  its 
minor  parts,  which  can  hardly  be  charged  to  the  invention.  It  is  be- 
lieved that  these  defects,  in  which  the  mechanical  ininciples  of  the  in- 
vention were  not  involved,  have  been  corrected  in  the  new  model,  and 
more  favorable  results  may  now  be  anticipated.    The  manufacturer's 
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experience  witli  this  gun  proves  tbat  diffitiulties  are  ever  to  be  met  and 
overcome  in  perfecting  a  new  invention  that  has  to  stand  the  sev(^re 
test  ot*  field  service.  As  a  rule,  a  first-rate  military  arm  must  be  of 
gradual  growth ;  and  be  finally  made  up  of  successive  improvements 
rendered  necessary  to  correct  defects  developed  in  the  hands  of  the  sol- 
dier. The  principle  of  the  Hotchkiss  is  a  good  one,  but  there  seems  to 
be  some  y)rejudice  existing  in  our  service  against  the  bolt  system  and 
its  awkward  handle  that  tims  and  custom  inxy  overcome. 

The  calls  for  magazine  guns  by  our  cavalry,  the  improvements  being 
made  in  these  arms,  and  the  necessity  of  extending  the  inquiry  in  order  * 
to  get  the  best,  induces  me  to  recommend  that  an  appropriation  be  made 
to  enable  this  department  to  further  study  and  test  by  actual  trial  in  the 
field  a  few  of  the  best  magazine  systems. 

An  ap])ropriation  of  $500,000  for  the  manufacture  of  the  Si)ringfield 
gun  during  the  next  year  is  deen^ed  a  reasonable  one.  The  strongest 
and  most  convincing  argument  for  a  continued  peace  is  being  thoroughly 
prepared  for  war.  Our  armories  and  arsenals  fvdly  stocked  with  war 
material,  our  fortresses  well  armed,  and  our  militia  vrell  organized,  armed, 
and  equipped  to  march  shoulder  to  shoulder  with  our  small  body  of  reg- 
ulars, constitute  the  best  peace  offering  we  can  present  to  the  world.  In 
the  matter  of  preparation,  economy  during  peace  means  extravagance 
in  war,  and,  as  a  financial  i^roblem,  the  wise  and  timely  expenditures  of 
the  present  will  be  the  truest  economy. 

RAMROD  BAYONET. 

On  the  30th  of  January,  1878,  I  recommended  to  the  honorable  Secre- 
tary of  War  the  abolition  of  the  bayonet  and  saber.  In  my  indorsement 
of  May  3,  1879,  on  the  report  of  the  Equi}jment  Board,  I  renewed  that 
recommendation,  i^othing  has  yet  occurred  to  change  my  views  ex- 
pressed in  these  communications.  While  the  General  of  the  Army  com- 
mitted himself  to  no  expression  of  opinion  on  the  subject,  his  orders  on 
the  rei)ort  of  the  Equipment  Board  included  "  the  shai>ing  and  strength- 
ening the  present  ram  or  cleaning  rod  to  the  uses  of  a  baj^onet  or  foil, 
after  tlie  manner  of  Lieutenant  Zalinski,  and  the  manufacture  of  a  light 
but  etficient  knife  or  trowel  for  digging  ground  or  other  manifest  uses.'^ 

Under  instructions  from  this  office  Colonel  Benton,  commanding  the 
National  Armory,  submitted  a  ramrod  bayonet,  being  a  simple  modifi- 
cation of  the  one  used  in  the  HalFs  breech-loading  carbine  nearly  seventy 
years  ago.  It  is  strong  and  efficient,  occupies  the  same  place  as  the 
ordinary  ramrod,  and  dispenses  with  the  dangling  bayonet  scabbard. 
In  the  burt  of  the  gun  is  a  receptacle  for  the  screw-driver,  cartridge 
extractor  and  wiper.  This  arrangejnent  reduces  the  weight  carried  by 
the  soldier,  and  diminishes  the  expense  to  tlie  United  States..  Having 
received  the  approval  of  the  General  of  the  Army  and  the  sanction  of 
the  Secretary  of  War,  one  thousand  are  being  prepared  to  be  sent 
into  the  field  for  trial.    It  is  the  first  step  toward  the  abolition  of  the 
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bjiyoiu't,  jmd  its  siiii|)Iicily,  ('onipiKitncss,  jiiid  li<»lil iicss  will,  1  am 
sniv,  coimiu'iKl  ii  to  i  Uv  laAor  ol'  l  lic  soldier.  I^'or  IiiindrcMis  of  years  the 
war  bet  ween  i^iiiiijowdiu' and  steel  has  been  <;()in«^  on,  willi  the  advanta|»"e 
and  ^ain  always  in  I'aN^orol'  the  Ibrnier,  and  the  sabei'  and  bayonet  mnst 
in  tlieir  turn  take  their  phices  in  onr  musenms  by  the  side  of  tlie  old 
])ike  and  the  enirass.  They  must  yield  to  the  revolver  and  the  rifle — 
cold  steel  to  ^•nni>ow<ler  and  lead. 

Oiirrying  out  the  order  of  the  (lenenil  of  the  Army,  I  submitted  a  knife 
whieli  received  liis  approval  and  your  sanction,  and  one  thousand  have 
been  ordered  made  to  be  issued  with  the  arms  provided  with  the  ramrod- 
bayonet. 

EXTREME  KANGES. 

The  re])ortson  "Extreme  Ran<;es  of  Military  Small-Arms,"  by  Colonel 
Benton  aiul  ('apt.  John  K.  Greer,  Ordnance  J)epartment,  are  herewith 
submitted.  These  trials  w^ere  undertaken  and  prosecuted  under  instruc- 
tions from  this  ottice,  and  the  work  has  been  performed  with  a  great 
degree  of  thoroughness  and  comi)letness.  These  reports  will  amply 
repay  careful  perusal  by  those  in  the  Army  and  out  of  it  who  are  inter- 
ested in  riHe  firing,  and  it  is  thought  that  much  of  the  data  given  will' 
be  found  new  and  useful.  The  use  of  the  telephone  in  determining  the 
time  of  flight  of  projectiles,  esi)ecially  at  very  long  ranges,  was  tirst 
made  at  the  Sandy  Hook  Proving  Ground,  and  its  application  in  these 
experiments  was  found  most  valuable  and  important.  Among  Captain 
Greer's  conclusions  are  the  following  : 

As  a  result  of  these  trials  it  will  be  seen  that  tlie  service  rifle  with  service  cartridge 
is  amply  sufficient  to  disable  and  possibly  to  kill  u^)  to  nearly  8,000  yards;  that  the 
same  is  true  of  the  carbine  using  tbe  rifle  cartridge  ;  that  the  500-grain  bullet  tired 
from  any  rifle  with  a  twist  sufficient  to  give  the  necessary  rotation  will  range  nearly  3,700 
yards ;  that  variations  in  weight  of  powder  charge  within  ordinary  limits  have  no 
effbct  on  elevation  at  extreme  ranges,  velocities  ajiproximating  to  each  other ;  and 
finally,  that  with  a  cartridge  prepared  as  at  present,  but  with  an  increased  weight  of 
ball,  the  service  rifle  may  be  made,  if  desired,  as  long  a  ranging  arm  as  any  known. 

LIFE-SAVING  SERVICE. 

Lieut.  D.  A.  Lyle,  Ordnance  Department,  is  still  on  duty  under  the 
Secretary  of  the  Treasury,  and  his  report  "  On  Foreign  Life-saving 
Eockets  and  Eocket  Apparatus"  is  herewith  submitted.  This  report 
including  descriptions  of,  and  results  of  trials  with,  the  Eussian,  German, 
and  English  apparatus,  is  a  valuable  addition  to  our  knowledge  of  this 
important  service,  and  reflects  credit  on  the  ability  and  labors  of  this 
excellent  officer. 

aEOLOGICAL  SURVEY. 

In  April  last  1  had  the  honor  to  submit  to  the  honorable  Secretaj:y  of 
War  the  report  of  Captain  Button,  Ordnance  Department,  "Of  ex- 
plorations and  studies  in  Utah  Territory,  prosecuted  during  the  years 
ORD — II 
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1875,  1876,  and  1877,  in  connection  with  the  survey  of  Maj.  J.  W.  Pow- 
ell, under  the  Interior  Department."  This  report  was  transmitted  to  the 
Secretary  of  the  Interior  and  published  in  a  quarto  volume,  entitled 
"Report  on  the  geology  of  the  high  plateaus  of  Utah." 

Major  Powell,  the  director  of  the  survey,  in  his  prefatory  note,  pays 
this  well  merited  compliment  to  Captain  Button:  "With  great  labor 
and  skill  the  work  has  been  accomplished,  and  its  results  are  presented 
in  this  volume,  which  will  be  found  to  extend  our  knowledge  of  the  geol- 
ogy of  the  United  States,  and  to  be  an  important  contribution  to  geo- 
logic philosophy." 

Under  authority  of  law.  Captain  Button  was  continued  on  the  geo- 
logical surve^^,  and  is  at  present  in  the  field. 

CLERICAL  FORCE. 

The  clerical  force  was  increased  at  the  last  session  of  Congress  by  the 
addition  of  ten  enlisted  men.  With  the  number  thus  increased,  the  cur- 
rent duties  of  this  office,  and  the  work  that  has  accumulated  for  years, 
can  be  properly  performed.  There  is  no  doubt  that  the  grades  should 
be  changed  and  that  three  clerks  of  class  four  should  be  allowed  to  take 
charge. of  the  three  important  divisions  of  this  bureau. 

I  have  the  honor  to  submit  the  following  papers,  heretofore  referred 
to:     -  '  ' 

Appendix  1. — Statement  of  principal  articles  procured  by  purchase  and 
fabrication  at  the  Arsenals  during  the  year  ended  June  30,  1880. 

Appendix  2. — Statement  of  ordnance,  ordnance  stores,  &c.,  issued  to 
the  military  establishment,  exclusive  of  the  militia,  during  the  year 
ended  June  30,  1880. 

Appendix  3. — Ai)portionment  for  the  fiscal  year  ended  June  30,  1880, 
of  the  annual  appropriation  of  $200,000  for  arming  and  equipping  the 
militia,  under  sections  1G61  and  16G7  Eevised  Statutes. 

Appendix  4. — Statement  of  ordnance,  ordnance  stores,  &c.,  distrib- 
uted to  the  militia  from  July  1,  1879,  to  June  30,  1880,  under  section 
1607  Pevised  Statutes. 

Appendix  5. — Statement  of  ordnance,  ordnance  stores,  &c.,  distrib- 
uted to  colleges  from  July  1,  1879,  to  June  30,  1880,  under  section  1225 
Eevised  Statutes. 

Appendix  6. — Statement  of  arms,  ammunition,  &c.,  distributed  to  the 
Territories  and  States  boidering  thereon  from  July  1,  1879,  to  June  30, 
1880,  under  the  joint  resolutions  of  July  3,  1876,  March  3,  1877,  March 
9  a. id  June  7,  1878. 

Appendix  7. — Statement  of  arms  and  ammunitions  issued  to  the  execu- 
tive departments  under  the  jjrovisions  of  the  act  of  March  3,  1880. 
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Lieut.  Col.      Crispin^  Ordnance  Jhpartmrnt. 

AppendLv  8. — (yoiistniction  of*  a  3.17.in(',li  imizzle-loadiiiiLi'  ride. 
Appendix  S". — (^onstriKition  of  jiii  3.18-iuch  breech-loading  chambered 
rili(^. 

Appendix  8^». — (^(nistriictioii  of  ;ui  iron  field  carriage  for  a  3.18-iiich 
breech-loadi  1 1 g  r i  (i e. 

Appendix  8'. — (Construction  of  an  8-inch  muzzle-loading  rifle  (con- 
verted) with  an  incn^ased  pitcli  of  rilling. 

Appendix  8'^ — Construction  of  an  8-inch  muzzle-loading  chambered 
rifle  (converted). 

Appendix  8". — Progress  report  on  experimental  cannon  powders. 

Appendix  8^'. — Tests  of  bar  iron  used  in  the  fabrication  of  wrought- 
iron  tubes  for  converted  riHes. 

REPORTS  OF  THE  ORDNANCE  BOARD. 

Lieut.  Coin.  S.  Crispin  and  T.  G.  Baylor  and  Maj.  C.  Comly^  Ordnance 

Department. 

Appendix  9. — Field,  siege,  and  sea-coast  artillery. 
Appendix     — Rilled  and  spherical  projectiles. 
Appendix  9^. — Report  on  11  inch  muzzle-loading  rifle,  l^o.  1. 
Appendix  9^. — Report  on  8-inch  breech-loading  rifle,  i^o.  1. 
Appendix  9*i. — Report  on  8-inch  muzzle-loading  chambered  rifle,  l^o.  28. 
Appendix  9*^. — Report  on  3.18-inch  breech-loading  chambered  rifle, 
Ko.  774. 

Appendix  9^. — Report  on  powders  for  4.5-inch  siege  rifles. 

MISCELLANEOUS. 

Appendix  10. — Annual  report  of  the  principal  operations  at  the  Rock 
Island  Arsenal,  1880,  Maj.  D.  W.  Flagler,  Ordnance  Department,  com- 
manding. 

Appendix  11. — Description  of  a  machine  for  printing  paper  targets, 
and  a  barrack  gun  rack,  devised  by  M(0.  D.  W.  Flagler,  Ordnance 
Department. 

Appendix  12. — Report  on  a  new  cartridge  annealing  furnace,  by  Lieut. 
Col.  J.  M.  Whittemore,  Ordnance  Department. 

Appendix  13. — Description  of  an  arm-rack  for  company  quarters,  by 
Capt.  F.  H.  FhippSj  Ordnance  Department. 

Appendix  14. — Report  on  foreign  life-saving  apparatus,  by  Lieut.  I). 
A.  Lyle,  Ordnance  Department. 

Appendix  15. — Description  of  a  new  method  of  fastening  faking  boxes 
for  the  life-saving  service,  by  Lieut.  D.  A.  Lyle,  Ordnance  Department. 

Appendix  16. — Descrix)tive  report  on  two  galvanized  sheet-iron  faking 
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boxes  designed  for  the  life-saviDg-  service,  by  Lieut.  D.  A.  Lyle,  Ord- 
BaDce  Department. 

Appendix  17. — On  the  TJ.  S.  testing  machine. 

Appendix  18. — On  the  militia. 

Appendix  19. — Trial  of  the  Gardner  machine  gun. 

Appendix  20. — Gallery  target  practice. 

Appendix  21. — Benton's  electro- ballistic  machine  for  determining  the 
velocity  of  i)rojectiles. 

Appendix  22. — Carriage  for  the  Lowell  battery  gun,  by  Col.  P.  Y. 
Hac/ner,  Ordnance  Department. 

Appendix  23. — Ke])ort  on  the  Welden  range  finder,  by  Lieut.  A.  H. 
Russell  J  Ordnance  Department. 

Appendix  24 — Instructions  for  the  care  and  use  of  cartridge  reloading 
tools,  by  Lieut.  Col.  J.  M.  Whittemore^  Ordnance  Department. 

Appendix  25. — Extreme  ranges  of  military  small-arms,  by  Col,  J.  O. 
Benton  and  Capt.  John  E.  Greer ^  Ordnance  Department. 

Ajjpendix  26. — The  most  powerful  rilled  guns,  howitzers,  and  mortars 
existing  in  1880,  by  Capt.  Charles  S.  Smithy  Ordnance  Department. 

Appeiidix  27. — Showing  stations  and  duties  of  the  officers  of  the  Ord- 
nance Department  on  the  1st  of  October,  1880. 

I  have  the  honor  to  be,  very  respectfully,  your  obedient  servant, 

S.  V.  BENET. 
Brigadier -General^  Chief  of  Ordnance. 
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Statement  of  principal  (irticles  procured  by  fabrication  at  the  arsenals 
and  by  purchase  durimj  the  year  ended  June  30,  1880. 

Class  1. 

15  Gatliiifi'  guns,  caliber  .45,  10  barrels,  long. 
5  Ilotclikiss  breech-loading  mountain  guns,  caliber  1.05  inches. 

1  breech -loading  chambered  Avrought-irou  rifle,  caliber  3.20 

inches. 

Class  II. 

2  carriages  and  limbers  for  Ilotch kiss  revolving  guns,  caliber  1.5 

inches. 

5  carriages  for  Ilotchkiss  mountain  guns,  caliber  1.65  inches. 
1  iron  carriage  for  breech-loading  rifle,  caliber  3.20  inches. 
1  carriage  and  limber  for  Catling  gun,  caliber  .45. 
10  carriages  and  limbers  for  Lowell  battery  guns,  caliber  .45. 

3  gun  carriages  for  Life- Saving  Service. 
25  Laidley  cavalry  forges. 

Class  III. 

100  ammunition  boxes  for  Lowell  battery  guns. 
50  feed  cases  for  Gatling  guns. 
•5,  000  feed  cases  for  Lowell  battery  guns. 

45  gun  covers,  various. 
52  handspikes,  various. 

165  harness  bags. 

5  sets  harness  for  Ilotchkiss  mountain  guns. 
402  Coston's  pouches  for  Life-Saving  Service. 
212  paulins,  12  by  15  feet. 
100  i)aulins,  8  by  10  feet. 
200  securing  stakes. 

3  pack  saddles  for  Hotchkiss  mountain  carriages. 
18  sponge  covers,  various. 

46  sponges  and  rammers,  various. 
40  tube  i)ouches. 

118  vent  covers. 
36  vent  pieces. 
50  wipers  for  mortars. 

Classes  IV  and  Y. 

3,000  1.5-inch  Hotchkiss  shells. 
4, 200  1.65-inch  Hotchkiss  shells. 

20  2.9-inch  experimental  shot,  Butler's. 

50  3-inch  Butler  case  shot. 
180  3-inch  Butler  shells. 
1, 005  3-inch  Sawyer  canister. 

25  3.18-inch  experimental  shot. 
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25  3.18-mcli  experiineutal  shells. 
245  3.15-mcli  experimental  Butler  shot. 
50  3.18-incli  Hotclikiss  shells. 
100  3- inch  shot,  Mann's. 
10  3 -inch  shot,  Sibley. 
1, 285  8  inch  Bntler  shot. 
25  8-inch  Dana  shot. 
20  8-inch  Eeilly  shot. 

5  8-inch  Varney  shot. 
15  8-inch  Bntler  shells,  IS'avy. 
5  8-inch  Bntler  shells. 
125  11-inch  Bntler  shot. 
40  8-inch  mortar  shells. 

Class  VI. 

1  Hotchkiss  magazine  carbine,  caliber  .45. 
5, 385  Springfield  carbines,  caliber  .45. 

13  Hotchkiss  magazine  rifles,  caliber  .45. 

1, 500  Hotchkiss  magazine  Navy  rifles,  caliber  45... 
14, 502  Springfield  rifles,  caliber  .45. 

500  Springfield  cadet-rifles,  caliber  .45. 
2,  000  Colt's  revolvers,  caliber  .45. 

14  cadet  swords. 

103  sabers  for  cavalrj^  and  field  officers. 
5  officers'  swords. 
3  soldiers'  knives. 

Class  YII. 

10,  200  cnrry  combs. 
10,  000  horse  brnshes. 
8,  000  saddle  blankets. 

1,  018  felt  saddle-cloths. 
7, 000  meat  cans. 

4,  005  tin  cnps. 

4,  562  hair  cinchas. 

7, 848  sets  knives,  forks,  and  spoons. 
56,  818  appendages  for  small-arms. 

Class  VIII. 

46,  783  cartridge  bags,  filled. 
1,  209,  780  carbine  ball  cartridges,  caliber  .45. 
1,  925,  000  rifie  ball  cartridges,  caliber  .50. 
3,  875,  947  l  ilie  ball  cartridges,  caliber  .45. 

21,  000  rifie  blank  cartridges,  caliber  .58. 
375, 140  l  irie  blank  cartridges,  caliber  .45. 

5,  400  blank  cartridges  for  Catling  gnn,  caliber  .45.. 
44,  400  revolver  ball  cartridges,  caliber  .50. 

100, 228  revolver  ball  cartridges,  caliber  .45. 
490  revolver  blank  cartridges,  caliber  .45. 
3,  500,  300  lead  balls,  caliber  .45. 
500  explosive  bnllets. 
82,  700  pounds  hexagonal  powder. 
13,  262  pounds  musket  x)Owder. 

2,  350  pounds  English  i>ebble  powder. 
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1,  800  i)()iin(ls  cannon  powder. 
L*7.'J,  100  friction  i)i'iiiicrs. 

4,  170  electric  cannon  ])riniers. 
J  030,  000  snnill-arni  cjirtridgo  ininiers. 
201,  800  powder  charges.  " 

250  Hotchkiss  i)erciission  fuses. 

2,  000  fuses,  A'arions. 

Class  IX. 

230  blocks,  various. 
118  chocks,  various. 

2  Laidley  gun  lifts. 

1  hand  cart. 

0  handspikes,  maneuvering. 

1  lifting  jack. 

89  rollers,  various. 

38  shifting  planks. 

13  platforms  for  mortars. 

10  platforms  for  siege  carriages. 

08  Laidley  revolving  targets. 

IG  cast  iron  targets. 

Class  X. 

535  sabots,  various. 

330  tin  straps. 
IIG,  114:  spare  parts  for  small-arms. 
41,  970  parts  of  infantry  equipments. 

685  parts  of  cavalry  accouterments. 
44,  537  parts  of  horse  equipments. 

571  parts  of  artillery  carriages,  various. 
73,  000  cartridge  shells,  caliber  .45. 
49, 835  cartridge  bags,  empty,  various. 

Miscellaneous. 

1, 164  arm  chests. 

9,  799  boxes,  packing,  ^ood. 

4,  212  tin  cans. 

96  packing  cases,  Madigan's. 

10  sets  packing  cases,  Evan's. 

2  bullet-pressing  machines. 

3  cartridge  crimping  and  tapering  machines. 
1  cartridge-gauging  machine. 

1  cartridge-heading  machine. 
3  bullet-lubricating  macliines. 
1  cartridge-weighing  machine. 
1  rolling  machine. 
1  star  gange  ring  and  points. 
213  sets  reloading  tools  for  small-arm  cartridges. 

74  cast-iron  heating  stoves  for  quartermaster's  department. 
526  boxes  leather  blacking. 
69,  825  pounds  barrel  molds. 
395,  626  pounds  gun  steel. 
157, 155  pounds  sheet  copper. 
707,  847  pounds  iron  beams. 
30,  957  ijounds  leather. 
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4, 119  sides  leather. 

259  gallons  lacquer. 
8, 198  pounds  harness  oil. 
664  gallons  coal  oil. 
378  gallons  cosmoline  oil. 
199  gallons  engine  oil. 
2,  351  gallons  lard  oil. 
5,  211  gallons  linseed  oil. 

827  gallons  neatsfoot  oil. 
3, 240  gallons  sperm  oil. 
19,  528  pounds  paint. 
37j  458  pounds  rope,  twine,  and  thread. 
26,  292  pounds  white  lead. 
19,  385  bushels  coal. 
2,  598  tons  coal. 
7, 112  tools  and  utensils. 


\ 


ArPENDIX  2. 


Statement  of  ordnance,  ordnance  stores,  c&c,  issued  to  the  military  establish- 
ment, exclusive  of  the  militia,  during  the  fiscal  year  ended  June  SO,  1880. 

Class  I. 

7  Gatliiig         caliber  .45,  10  long  barrels. 
2  Gatliiig  guns,  caliber  .45,  10  short  barrels. 
2  Hotclikiss  revolving  cannon,  caliber  1.5. 

8  Hotclikiss  mountain  guns,  caliber  1.05. 
10  3-incli  rilled  guns. 

1  3.5-incli  Blakely  guns. 
6  4.5-inch  siege  guns. 

5  G  pounder  bronze  guns. 

6  light  12-])0under  bronze  guns. 

6  12-x)0under  mountain  howitzers. 

0  20-pounder  Parrott  guns. 

2  30-pounder  Parrott  guns. 
51  8-iuch  ritied  guns. 

6  8-inch  siege  mortars. 

Class  II. 

2  beds  and  frames  for  short-barrel  Gatliug  guns. 
4  tripods  for  short-barrel  Gatliug  gun. 
2  Gatliug  gun  carts. 

1  Gatliug  battery  cart. 

7  carriages  aud  limbers  for  long-barrel  Gatliug  gun,  caliber  .45. 

2  carriages  and  limbers  for  Hotchkiss  revolving  cannon,  caliber 

1.5  inch. 

8  carriages  for  Hotchkiss  mountain  guns,  caliber  1.65  inch. 
13  carriages  and  limbers  for  3-inch  rifles. 

4  3-inch  caissons  and  limbers. 

5  6-pounder  carriages  and  limbers. 

4  6-i3ounder  carriages  without  limbers. 

9  12-pounder  carriages  and  limbers. 

1 12-i)ounder  carriage  without  limber. 

4  12-pounder  caissons  and  limbers. 

2  12-pounder  mountain  howitzer  carriages. 

6  12-i)ounder  prairie  carriages  and  limbers. 
4  4.5-inch  siege  carriages  and  limbers. 

2  30-pounder  Parrott  carriages  and  limbers. 
51  8-inch  casemate  carriages  and  chassis. 
1  15-inch  Eodman  carriage  and  chassis. 
1  20-inch  Eodman  carriage  and  chassis. 

1  24-pounder  mortar  bed. 
6  8-incli  siege  mortar  beds. 

2  10-inch  siege  mortar  beds. 
13  Laidley  cavalry  forges. 

4  portable  cavalry  forges. 
1  traveling  forge  '-A"  and  limber. 
1  battery  wagon    C  "  and  limber. 
1  limber  for  traveling  forge. 
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Class  III. 

180  harness  bags. 
102  rear  eccentric  axle  bars. 

51  long  friction  clami)  bars. 

51  short  friction  clami)  bars. 

5  elevating  bars. 
102  maneuvering  bars. 

6  pinch  bars. 
2  budge  barrels. 

6  baskets  for  mortar  implements. 
23  fuse  blocks. 

2  pass  boxes. 
2  iron  forge  buckets. 

1  wooden  forge  bucket. 

28  iron  sponge  buckets. 
8  wooden  sponge  buckets. 

39  iron  tar  buckets. 
35  gutta-percha  water  buckets. 

8  iron  water  buckets. 
26  leather  water  buckets. 
10  i^apier-mache  water  buckets. 
10  watering  buckets. 

2  gunners'  calipers. 
13  pointing  cords. 
30  fuse  cutters. 
13  fuse  extractors. 

3  -copper  powder  funnels. 
156  gunners'  gimlets,  field. 

4  gunners'  gimlets,  siege. 

5  fuse  gouges. 

29  maneuvering  handspikes,  wood. 
13  shod  handspikes. 
47  trail  handspikes. 

12  trail  handspikes  for  Gatling  carriage. 

5  trail  handspikes  for  prairie  carriage. 
84  sets  harness  for  2  lead  horses. 
73  sets  harness  for  2  wheel  horses. 

2  sets  draught  harness  for  mountain  howitzer  carriag 

7  sets  harness,  1  horse,  for  Hotchkiss  mountain  gun. 

6  sets  harness,  2  horses,  for  Laidley  forge. 

1  set  harness,  2  horses,  for  Gatling  cart. 
69  gunners'  haversacks. 

7  pendulum  hausses,  6-pounder. 

9  pendulum  hausses,  3-inch. 

9  pendulum  hausses,  12-pounder. 

2  pendulum  hausses,  mountain  howitzer. 

1  shell  hook. 

13  tow  hooks. 

5  ladles  and  staves. 

2  common  lanterns. 

3  dark  lanterns. 
12  globe  lanterns. 

3  magazine  lanterns. 
122  lanyards  for  friction  primers. 
5  mauls. 
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15  i)()NV(lor  measures. 
3^5  iJMiilins,  5  by  5  feet. 
17  pjiiilins,  ()  by  10  feet. 
4  i)iuiHiis,  10  by  10  feet. 
1  paulins,  V2  by  15  feet. 
05  gnimers'  i)iiieers. 

9  pliiininets. 

4  <»'uiniers'  pouches. 

28  i)en(luluin  hausse  pouches. 

6  sight  pouches. 
88  tube  pouches. 
24  prolouges. 

3  gunners'  quadrants,  brass. 

2  rammers  and  staves,  4.5-inch. . 

3  rammers  and  staves,  8-inch. 

1  fuse  saw. 

5  pack  saddles  and  bridles. 

2  tangent  scales. 

3  scrapers  for  cannon.  * 
12  scrapers  for  shot. 

2  pendulum  hausse  seats. 
1  quadrant  seat,  Zalinski's. 
1  trunnion  sight  seat. 

1  sight,  Quinan,  modified. 

4  breech  sights,  4.5-inch. 

5  front  sights,  3  inch. 

2  front  sights,  4.5-inch. 

3  front  sights,  mountain  howitzer. 
2  gunners'  sleeves. 

6  cannon  spikes. 

33  sponge  covers,  6-pounder. 
11  sponge  covers,  3-inch. 
2  sponge  covers,  4.5-inch. 
43  sponge  covers,  12-pounder. 
11  sponge  covers,  12-pounder  mountain  howitzer. 

4  sponge  covers,  30-pounder. 

1  sponge  and  rammer,  Hotchkiss  mountain  gun. 
31  sponges  and  rammers,  6-pounder. 

47  sponges  and  rammers,  3-inch. 

2  sponges  and  rammers,  4.5-inch. 

59  sponges  and  rammers,  12-pounder. 

3  sponges  and  rammers,  field  howitzer. 

27  sponges  and  rammers,  mountain  howitzer. 

1  sponge  and  staff,  3- inch. 

4  sponges  and  staves,  12-pounder. 

2  sponges  and  staves,  8-inch. 
8  pointing  stakes. 

200  securing  stakes. 
71  thumb-stalls. 

7  tompions,  6-pouuder. 
14  tompions,  3-inch. 

8  tompions,  4.5-inch. 

10  tompions,  12-pounder. 

1  tompion,  i2-x)ounder  mountain  howitzer. 

2  tompions,  20-i)o under. 
1  tompion,  30-pouuder. 
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4  tompions,  8-incli  mortar. 

13  tompions,  10-incli. 

9  tomjHous,  15-incli. 
284  veut  covers. 

36  vent  pieces. 

43  vent  pnnches,  field. 

50  wipers  for  mortar. 
216  priming  wires,  field. 

24  i)riming  wires,  siege. 

20  worms  and  staves,  field. 

1  worm  and  staff*,  siege. 
23  fuse  wrenches. 

Implements  for  long-barrel  OatUng  gun,  caliber  .45.. 

350  feed  cases. 

7  clamps  for  worm 'gear. 
15  gun  covers. 

7  drifts. 

7  sliell  drivers. 
10  headless  shell  extractors. 

6  oscillators. 

7  brass  wiping  rods. 
7  lock  screw  drivers. 
7  small  screw  drivers. 
7  T  screw  drivers. 

4  peep  sights. 

7  adjusting  screw  wrenches. 

3  pin  wrenches. 

7  rear  guide  nut  wrenches. 

Implements  for  short-harrel  Gatling  gun^  caliber  .45.. 

204  feed  cases. 

2  clamx)s  for  worm  .gear.  * 

3  gun  covers. 

3  shell  drivers. 

2  oscillators. 

2  brass  wiping  rods. 

2  ^ck  screw  drivers. 

3  small  screw  drivers. 
2  T.  screw  drivers. 

2  adjusting  screw  wrenches. 

1  elevating  screw  wrench. 

2  pin  wrenches. 

2  rear  guide  nut  wrenches. 

5  gun  covers,  Gatling  gun,  caliber  .50. 

3  gun  covers,  Gatling  gun,  caliber  1  inch. 

Implements  for  HotcliMss  revolving  gun. 

2  sets  accessories,  feed  cases,  &c. 
2  gun  covers. 

4  wiping  rods. 
2  peep  sights. 

7  sets  imi)lements  for  Hotchkiss  mountain  gun.. 
4  gun  covers  for  Hotchkiss  mountain  gun. 
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Classes  lY  and  V. 

1,543  l.n  iiuili  ITotclikiss  ])rojectiles. 
3,210  l.()r>-incli  Ilotclikiss  projectilos. 

108  LM)-inch  i*aiTott  canister. 

250  3-incli  shot. 

057  3-iiK'li  shell. 

G30  3-inch  case. 
30  3-inch  canister. 

208  12-i)onn(ler  howitzer  shell. 

310  12-poun(ler  case. 

264  12-pounder  canister. 

202  4.5-inch  shot. 

375  4.5  inch  shell. 

200  30-i)Oun(kT  shot. 

250  30-poun(ler  shell. 

200  100-poander  shot. 

100  lOO-pounder  shell. 
10  200-i)ounder  shot. 

60  200-pounder  shell. 
1,  400  8-iiich  shot. 

580  8-ii«h  shell. 
297  10-inch  shell. 
100  13-inch  shell. 
210  15-inch  shell. 

Class  VI. 

302  Hotchkiss  magazine  carbines,  caliber  .45. 
6,  670  Springfield  carbines. 

300  Hotchkiss  magazine  rifles,  caliber  .45. 
16,  367  Springfield  rifles. 

35  Springfield  rifles,  officers'  model. 
100  Springfield  rifles,  calit)er  .50. 
6  rifle  muskets,  caliber  .58. 
1, 185  Colt's  revolvers,  caliber  .45. 

4  Colt's  revolvers,  caliber  .44. 

332  Schofield's  Smith  and  Wesson  revolvers,  caliber  .45.. 

19  double  barrel  breech  loading  shot  guns. 
112  artillery  sabers. 
489  cavalry  sabers. 

50  officers'  sabers. 

14  cadet  swords. 
132  musicians'  swords. 

56  non-commissioned  officers'  swords. 

5  officers'  swords. 
296  trowel  bayonets. 

Class  VII. 

108  artillery  saber  belts. 

61  artillery  saber  belt  plates. 
88  carbine  cartridge  boxes. 

1,  635  carbine  cartridge  pouches. 

2, 447  carbine  slings. 

2, 219  carbine  sling  swivels. 
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1,  222  pistol  cartridge  pouclies. 

2,  560  pistol  holsters. 

1,  867  cavalry  saber  belts. 

1^  897  cavalry  saber  belt  plates. 
138  saber  knots. 
35  brace  yokes  and  stay  straps. 

2,  377  steel  bayonet  scabbards,  Hoffman's  attachment. 

1,  208  steel  bayonet  scabbards  and  frogs,  hook  attachment. 
662  trowel  bayonet  scabbards. 

13,  697  canteens  and  strains. 
1,  828  carrying  braces. 

120  shoulder  braces. 
7,  030  cartridge  belts. 

49  shoulder  belts  and  plates  for  bayonet  soabbard. 
4,  910  cartridge  boxes,  McKeever's. 

100  cartridge  boxes,  No.  1. 
51  cartridge  boxes,  ^^"o.  2. 

1,  469  cartridge  loops. 

4,  310  clothing  bags  and  straps. 

5,  238  coat  and  blanket  straps. 

304  bayonet  scabbard  frogs,  hook  attachment. 

184  sliding  frogs.  • 

7,  859  forks. 

6,  541  gun  slings. 

8,  757  hu  versacks  and  straps. 
8,  090  knives. 

'7,  763  meat  cans. 

363  intrenching  tool  scabbards. 
190  sheaths  for  knife. 

7,  798  spoons. 

4  non-commissioned  of&cers'  swords,  belts,  and  plates. 
327  pairs  stay  or  steady  straps. 

50  musicians'  waist  belts  and  plates. 
'7,  369  tin  cups. 

138  con-commissioned  officers'  waist  belts  and  plates. 
2  non-commissioned  officers'  waist  belt  plates. 

3,  075  privates'  waist  belts. 

2,  926  privates'  waist  belt  plates. 
115  valises. 

64  valise  straps. 
19  extractors  and  recappers. 
19,  843  headless  shell  extractors. 
11  ball  molds  (2  balls),  pistol. 
2  ball  molds  (4  balls),  rifle. 

3,  816  tumbler  punches. 

7,  314  jointed  ramrods,  steel. 
346  wiping  rods,  pistol. 
580  wiping  rods,  wood. 

14,  566  screw  drivers. 

4,  518  combination  screw  driv^ers. 

2  clamp  screw  drivers. 
1, 151  pistol  screw  drivers. 
861  spring  vises. 
768  brush  wipers  and  thongs. 
940  blanket  bags. 
.2,  817  curb  bridles. 
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1,  oSrj  ^vatcI•in^J;•  bridles. 
301  cruppors. 

C,  205  curry  combs.  , 
1,  40r)  hair  cinchas. 
270  loatluM-  oirths. 

1,  3r)()  linen  girtlis. 

7,  033  halters  and  straps. 
10,  412  horse  brushes. 

2,  3(>1  horse  covers. 

8,  137  lariats. 
1,  017  links. 

0,  085  nose  bags. 

3,  000  picket  i)ins. 
1,308  saddles. 

4,  617  saddlebags. 

487  artillery  saddle  blankets. 

5,  787  cavalry  saddle  blankets. 
887  saddle  cloths. 

4,  254  side  lines. 
435  forage  sacks. 
873  carbiue  sockets. 

4,  653  spurs. 

5,  361  spur  straps. 

1,  851  stirrups. 

2,  681  stirrup  straps. 

23  stirrups  Tvith  guidon  sockets. 
2,  802  surcingles. 

Class  YIII. 
small-arm  ammunition. 

1,  500  Gatling  ball  cartridges,  caliber  1  inch. 
5,  000  Gatling  blank  cartridges. 

5,  000  carbine  ball  cartridges,  caliber  .50. 
70,  000  rifle  ball  cartridges,  caliber  .50. 

7,  000  rifle  blank  cartridges,  caliber  .50. 
'2,  232,  680  carbine  ball  cartridges,  caliber  .45. 
4,  054,  074  rifle  ball  cartridges,  caliber  .45. 

1,  000  rifle  ball  cartridges,  caliber  .45  reloading. 
284,  000  rifle  blank  cartridges,  caliber  .45. 
555,  000  revolver  ball  cartridges,  caliber  .45. 
184,  800  revolver  blank  cartridges,  caliber  .45. 
1, 100  revolver  ball  catridges,  caliber  .44. 
300  buckshot  cartridges. 
1,  520,  460  small-arm  cartridge  primers. 
15,  000  percussion  caps. 

20  pounds  duck  powder. 
17,  570  pounds  rifle  jiowder. 
500  i)ounds  sliot. 

AMMUNITION  FOR  FIELD  OUN. 

100  blank  cartridges,  4.5-inch.  gun. 

6,  800  blank  cartridges,  12-pounder  mountain  howitzer. 
15,  003  blank  cartridges,  12-pounder  gun. 
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5,  000  blank  cartridges,  G-pounder  gun. 
20,  278  blank  cartridges,  3-incb  gun. 
1,  000  blank  cartridges,  2  pounds  charge. 

730  blank  cartridges,  1  pound  charge. 
3,  818  blank  cartridges,  J  pound  charge. 
38,  000  lubricating  disks.  ^ 
133,  000  paper  dishs. 
3,  071  assorted  fuses. 

100  pounds  quick  match. 
2  yards  slow  match. 

1,  000  pounds  blasting  powder. 
16,  805  i^ounds  cannon  powder. 

8,  000  pounds  mammoth  powder. 
600  pounds  mealed  powder. 
35,  489  i^ounds  mortar  powder. 

2,  000  electric  primers. 
125, 125  friction  primers. 

Class  IX. 

7  fencing  bayonets,  cadet. 
103  whole  blocks. 
60  half  blocks. 
52  quarter  blocks. 

6  treble  blocks. . 

2  quadrui^le  blocks. 
12  double  blocks. 

1  siugle  block. 

5  lifting  blocks. 

1  set  blocks  for  mounting  15-inch  gun. 

2  sets  pully  blocks. 

1  snatch  block. 

4  jjointing  boards. 

2  cradle  bolsters. 
2  capstans. 

2  hand  carts. 

1  sling  chain. 

2  sling  cart  chains. 

4  trunnion  chains. 
17  gun  chocks. 

5  chocks,  mechanical  maneuvers,  15-inch  guiu 
45  roller  chocks. 

51  wheel  chocks. 
1  collar  for  gin. 

1  cradle  for  moving  heavy  gun. 

1  crane  for  15-inch  gun. 

1  derrick. 
1,  000  disks,  paper  targets. 
24  bulls  eyes  and  centers  A. 
12  bulls  eyes  and  centers  B. 

4  gin  falls. 
30  danger  flags. 

1  held  and  siege  gin. 

2  garrison  gins. 

2  gin  handspikes. 
1  lifting  jack. 
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.'i  liydniuliij  jacks. 

1  Laidley's  gnu  lift. 

2  hisliinj;'  lines. 
10  trunnion  loops. 

305  shot  marks. 
284  4-intili  shot  marks. 
27()  (J-inch  shot  marks. 
120  12-incli  shot  marks. 
2, 198,  450  pasters  for  target. 
34  shifting  planks. 
10  i)latforms  for  siege  carriage. 
13  platforms  for  mortar. 
2  pulleys  and  falls. 
4  trunnion  rings. 
19  ci'adle  rollers. 
4  derrick  rollers. 
4  half  rollers. 
24  long  rollers. 

10  short  rollers. 
G  trace  ropes. 

17  skids. 

46  skidding  pieces. 
2  derrick  shoes. 
6  gin  slings. 

2  slings  for  cannon,  rope. 

11  brass  stadia. 
2  silver  stadia. 
6  stakes. 

16  fencing  swords,  wood. 
2  i)lane  tables. 

79  Laidley  revolving  targets. 
6,  508  paper  targets,  A. 
6,  412  paper  targets,  B. 
1, 950  paper  targets,  G. 
325  intrenching  tools. 
8  store  trucks. 

Class  X— II. 

1  axle. 

8  nave  bands. 

2  tire  bands. 
13  splinter  bars. 

1  axle  body. 
32  tire  bolts. 
6  turn  buckles. 

1  cheek. 

17  ammunition  chests. 

2  trace  clips  with  safety  latches. 

1  fulcrum. 

18  fellies. 

6  hasps  for  ammunition  chests. 
1, 135  double  spring  hooks. 
6  extractor  hooks. 

2  guide  hooks. 

3  i^intle  hooks. 

1  counter  hurter. 
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5  keys  for  ammnnition  chest. 
5  kej^s  and  chaiias. 

4  lunettes,  caisson. 
2  pounds  nails. 

30  assorted  nuts. 
70  linch-x)ins. 
2  shaft  eye-pins. 
10  stay  pins. 

5  trail  plates. 
32  poles. 

p  2  lashing  ropes. 

1  shaft  saddle  with  roller  frame  for  back  strap; 

6  elevating  screws. 

2  inside  shafts. 
2  outside  shafts. 

4  handspike  sockets. 
4  pole  prop  sockets. 
32  spokes. 

4  cap  squares. 

2  hooks  and  shaft-tugs. 

2  hattery  wagon  stocks. 

3  caisson  stocks. 

5  field  carriage  stocks. 

2  30-iiounder  carriage  stocks. 

2  mountain  howitzer  carriage  stocks. 

1  thill. 

1  pintle  transom  with  wheels,  &c. 

1  singletree  with  hooks. 
30  assorted  washers. 

44  washers  and  nuts. 

6  washers  for  end  of  main  shaft. 
86  linch  washers. 

12  pole  yoke  washers. 
30  shoulder  washers. 
37  wheels  complete. 
6  wheels  for  Gatling  carriage. 

2  front  traverse  wheels. 
2  rear  traverse  wheels. 

10  pole  yokes. 

Class  X— III. 

6  artillery  bits. 
10  artillery  curb  bits,  brass  plated. 
GG  artillery  bridles. 

4  harness  breechings. 
490  brass  plated  buckles. 
721  iron  roller  buckles. 

12  halter  chains. 
39  collars. 

2  cruppers. 
33  girths.  > 
12  leg  guards. 
17  halters. 

2  hames. 
66  rammer  heads,  3-inch. 

8  rammer  heads,  6-pounder. 
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liJ  sponi^c  beads,  3-iiiC'li. 
11  si)()i»^o  heads,  ()-i)ouiider. 
.'5(>  cold  shut  links. 
030  bridle  oriiaineiits. 
30  i)ole  pads. 
2  bridle  reins. 

CO  rosettes  for  artillery  bridles. 
G  drivers'  saddles. 
•4  A'alise  saddles. 
130  woolen  si)onges,  3-incli. 

6  woolen  sponges,  4:.5-inch. 
53  woolen  sponges,  G-pounder. 
G7  woolen  sponges,  12-pounder. 

4  woolen  sponges,  200  ponuder. 
4  woolen  sponges,  8-ineh. 

7  woolen  sponges,  nionntain  howitzer. 
2  back  sfi-aps. 

2  breast  straps. 
228  halter  straps. 

51  hanie  straps. 

3  loin  strai)s. 
44  pole  straps. 

4  stirrup  straps. 

4G  woolen  surcingles. 

8  traces  for  Gatiing  cart  harness. 
27  lead  traces. 

27  wheel  traces. 
18  valises. 
185  whips. 
2  worms. 

Class  X— IT  and  V. 

109  pounds  lead  balls. 
227  metallic  fuse  plugs. 
GO  wooden  fuse  plugs. 
100  sabots,  8-inch. 
200  tin  straps,  10 -inch. 
200  tin  straps,  15-inch.  , 

Parts  of  Sjyringfield  rifle,  caliber  .45. 

217  lower  bands. 
212  upper  bands. 
451  band  springs. 

58  barrels. 
430  bayonets. 
144  bayonet  clasps. 
175  bayonet  clasp  screws. 
25G  breech  blocks. 
205  breech  block  caps. 
1, 918  breech  block  cai^  screws. 

84  breech  screws. 
1,400  bridles. 
1,412  bridle  screws. 
G  butt  plates. 
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84  butt  plate  screws. 
74  cam  latches. 
1, 967  cam  latch  springs. 
4,  309  ejector  springs. 
4,  739  ejector  spring  spindles. 

264  ejector  studs. 
1, 159  extractors. 
2, 067  firing  pins. 
1,  797  firing  pin  screws. 
67  firing  pin  springs. 
224  front  sights. 
200  front  sight  pins. 

4  guard  bows. 
100  guard  bow  nuts. 
209  guard  bow  swivels. 

807  guard  bow  swivel  screws. 

5  guard  plates. 
88  guard  screws. 

330  hammers. 
366  hinge  pins. 
10  hinge  pin  studs. 

1  lock. 

5  lock  idates. 
1, 116  main  springs. 

380  main  spring  swivels. 

131  main  spring  swivel  rivets. 
88  ramrods. 

642- ramrod  stops. 
4j  776  rear  sights. 

54  rear  sight  bases. 
1, 260  rear  sight  base  screws. 

410  rear  sight  ))ase  springs. 

207  rear  sight  leaves. 

402  rear  sight  joint  pins. 

422  rear  sight  slides. 

422  rear  sight  slide  springs. 

430  rear  sight  slide  spring  rivets. 

2  receivers. 
502  sears. 

1,  717  sear  screws. 

1,  031  sear  springs. 

513  sear  spring  screws. 
74  side  screws. 
32  side  screw  washers. 
144  stocks,  complete. 
694  stocks,  wood  part. 
412  tang  screws. 
9  thumb-pieces. 
5  tip  screws. 
7  tips  for  stocks. 
71  triggers. 
305  trigger  screws. 
435  tumblers. 

2,  040  tumbler  screws. 

112  pistol  gripes  for  officer's  rifle. 
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Parts  of  Sprinpjleld  carbine^  valiher  .4."). 

92  baiuls. 
1*02  stackiiio'  bunds. 

4(S  band  spring's. 
?M)  bai  rt'ls. 

barrel  stnds. 

20  broecli  l)lock  caps. 
471)  breech  block  cap  screws. 

11  breech  screws. 
;;80  bridles. 
40G  bridle  screws. 

30  bntt  plate  screws. 

22  cam  latches. 
472  cam  latch  springs. 
1, 197  ejector  springs. 
3, 153  ejector  spring  spindles. 

20  ejector  studs. 
320  extractors. 
804  firing  ]>ins. 
032  liring  j)in  screws. 

05  tiring  pin  springs. 
785  front  sights. 
744  front  sight  pins. 

45  guard  bows. 

10  guard  bow  nuts. 
5  guard  plates. 

43  guard  screws. 

14  hammers. 

48  hinge  pins. 

10  hinge  pin  studs. 
277  main  springs. 

52  sears. 
429  sear  screws. 
329  sear  springs. 

70  sear  spring  screws. 
112  side  screws. 
195  rear  sights,  patent  1879. 
5,  556  rear  sights,  complete. 
256  rear  sight  bases. 

88  rear  sight  base  screws. 

42  rear  sight  base  springs. 
266  rear  sight  leaves. 

32  rear  sight  joint  i)ins. 

95  rear  sight  slides. 

81  rear  sight  slide  springs. 

81  rear  sight  slide  spring  rivets. 
233  stocks,  complete. 
1, 107  stocks,  wood  part. 
140  swivel  bars.  * 
141,  swivel  bar  rings. 

75  tang  screws. 

22  thumb  pieces. 

13  triggers. 

47  trigger  screws. 

17  tumblers. 
502  tumbler  screws. 
2  ORD 
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Farts  of  Hotchklss  carhine  and  Hfle^  caliber  .45. 

20  cartridge  stops. 

149  cartridge  stop  x)ius. 
125  cut-offs. 

10  escutcheon  screws. 

150  extractors. 
40  firing  jiins. 

179  firing  pin  screws. 
100  firing  pin  springs. 

46  magazine  springs. 
517  main  springs. 

5  guard  screws,  front. 
5  guard  screws,  rear. 
5  sear  springs. 
5  sear  spring  screws. 
5  side  screws. 
37  stocks,  wood  part,  carbine. 
32  stocks,  wood  part,  rifle. 
10  triggers. 
35  trigger  catches. 
35  trigger  catch  pins. 
149  trigger  x)ins. 
149  trigger  spring  screws. 

Farts  of  Coifs  revolver^  caliber  .45. 

201  back  strap  screws. 

205  bolts. 

172  bolt  screws. 

34  center  pins. 
7  center  pin  bushings. 

98  center  pin  catch  screws. 
130  center  pin  screws. 
100  ejector  heads. 

70  ejector  rods. 
109  ejector  springs. 

50  ejector  tubes. 
229  ejector  tube  screws. 

60  ejector  tube  springs. 
182  firing  inns. 
176  firing  pin  rivets. 

5  gate  catches. 
233  gate  catch  screws. 

10  gate  catch  springs. 

52  gate  springs. 
209  guard  screws,  long. 
213  guard  screws,  short. 

17  hammers. 
172  hammer  screws. 
185  hands. 
172  hand  springs. 

15  latch  springs. 
187  main  springs. 
172  main  spring  screws. 

20  sear  springs. 
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23  sear  spring  screws. 

5  sear  and  stop  bolt  screws. 
147  sear  and  stop  bolt  springs. 

147  sear  and  stop  bolt  spring  screws. 
208  stocks. 
50  stop  bolt  screws. 
125  triggers. 
238  trigger  screws. 

Parts  of  SchofielcVs  Smith  tC  Wesson  revolver,  caliber 

7  barrel  catches. 
112  barrel  catch  screw\s. 
137  barrel  catch  springs. 

13  base  pins. 

3  cylinder  catches. 
156  cylinder  catch  cams. 

25  cylinder  catch  cap  screws. 
181  cylinder  catch  screws. 

G  extractors. 
137  extractor  springs. 

8  extractor  stems. 
G  extractor  studs. 

112  guard  screws. 
100  hammer  studs. 

30  hands. 
lOG  hand  pins. 
141  hand  springs. 
lOG  joint  pivots. 
lOG  joint  pivot  screws. 

4  lifters. 
45  main  springs. 
20  main  spring  swivels. 
20  pawls. 

105  pawl  pins. 
120  pawl  springs. 

50  side  plate  screws,  long. 

50  side  plate  screws,  short. 

20  sights. 
100  steady  pins. 

2G  stops. 
112  stop  pins. 
125  stop  springs. 

20  stocks. 
100  stock  pins. 
100  stock  screws. 

31  strain  screws. 
100  swivel  pins. 

60  triggers. 

106  trigger  pins. 
57  trigger  springs. 

112  trigger  spring  pins. 

Parts  of  hreecJi-loading  shot  guns. 

6  bridles,  left-hand. 
12  bridle  screws. 
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0  cones. 

C  guard  screws,  front. 
6  guard  screws,  rear. 

2  locks,  comiilete. 

4  hammers,  left-liand. 

6  lifter  springs. 

6  main  springs,  left-hand. 

C  main  spring  swivels,  left-hand. 

0  plungers. 

G  sears. 

8  sear  si^riugs,  left-hand. 
6  sear  spring  screws. 
6  side  screws. 

3  stock  butts. 

4  triggers. 

0  tumblers,  left-hand. 
i)  tumbler  screws. 
G  trips. 
G  trip  springs. 

5  scabbards,  nickel-plated,  officers'  swords. 
13  steel  scabbards,  musicians'  swords. 

Class  X.— YII. 

500  leather  bayonet  scabbard  attachments. 
537  saber  belt  attachments. 
350  curb  bits. 

6  watering  bits. 
1,  204  halter  bolts. 

15j  752  brass  bar  buckles. 
180  brass  plated  buckles. 
7,  972  brass  wire  buckles. 
2, 112  iron  bar  buckles. 
3,  81G  iron  roller  buckies. 
3, 1)06  canteen  corks  and  chains. 
45  curb  chains. 
216  halter  chains. 
14,  522  canteen  covers. 
1, 012  brass  I)'s  for  cartridge  belts. 

300  escutcheons, 
14,  000  canteen  eyes. 

1,  064  side  line  fasteners. 

30  bridle  headstalls. 

1, 000  stirrup  hoods. 

1, 130  brass  snap  hooks,  for  sabers. 

500  double  liooks  for  bayonet  scabbard  frogs. 

GO  sweat  leathers,  pairs. 

3, 132  curb  strap  loops. 

2,  079  ovals. 

997  mouth  pieces  for  ciirb  bit. 
35  curb  bridle  reins. 
1,  000  carbine  sling  swivel  spring  rivets. 
2, 139  brass  rings. 
1,  468  D-rings. 
1,  31G  halter  rings. 
1 ,  548  iron  rings. 
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(50  swivel  rings  for  lialter. 
20  rivets  for  trowel  bayonet  scabbard. 
187  shields. 
fij  282  snaps  for  lariats. 
62  snaps  for  links. 
144  snaps  for  side  lines. 
500  carbine  sling  swivel  si)rings. 
1 , 204  halter  squares. 
1, 070  brass  foot  stajiles. 
2,  415  brass  staples  for  rings. 
12, 404  canteen  straps. 

042  clothing  bag  straps. 
1, 157  coat  straps. 
12  coupling  straps. 
601  curb  straps. 
8, 312  halter  straps. 
200  halter  hitching  straps. 

854  haversack  straps. 
167  hook  straps. 

200  saddle  bag  studs. 
44  brass  tips  for  trowel  ba^^ouet  scabbard. 
3, 172J  yards  linen  webbing,  4  inches  wide. 
1, 940 j^a-  yards  linen  webbing,  7^  inches  wide. 
108  yards  girth  webbing,  4i  inches  wide. 

Class  X— YIII. 

1, 282, 100  rifle  bullets,  lubricated,  caliber  .45. 
38, 000  rifle  bullets,  500  grains,  patched. 
13, 500  cartridge  cases  for  long  range  rifles. 
200  cartridge  cases  for  shot-gun. 
5,  000  lubricating  wads  for  cartridges. 
122,  000  paper  wads. 
1^  400  cartridge  bags,  J-pound  charge. 

500  cartridge  bags,  2-ponnd  charge. 
79, 000  cartridge  bags,  6-pounder  gun. 
5, 200  cartridge  bags,  3-inch  gun. 
11,  546  cartridge  bags,  12-pounder  gun. 
4, 345  cartridge  bags,  mountain  howitzer. 
990  cartridge  bags,  4i-inch  gun. 
600  cartridge  bags,  24-pounder  howitzer. 
ly  000  cartridge  bags,  32-pounder  gun. 
100  cartridge  bags,  42-pounder  gun. 
500  cartridge  bags,  8-inch  rifle. 
100  cartridge  bags,  8-inch  Eodman  gun. 

855  cartridge  bags,  10-inch  Eodman  gun. 
500  cartridge  bags,  15-inch  Eodman  gun. 
500  cartridge  bags,  100-pounder  gun. 
645  cartridge  bags,  300-pounder  gun. 

Class  X— IX. 

1  lever  for  gun  lift. 
1  pole  for  hand  cart. 
1  pole  for  sling  cart. 
6  gin  shoes. 
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G5  Laidley  target  frames,  0  by  6  feet. 
2  Laidley  target-frames,  6  by  12  feet. 

1  set-iron  posts  for  target. 
70  target-frames,  4  by  6  feet. 

PART  SECOND. 

103J  yards  burlap. 
16|  feet  card  clo tiling. 
1, 944/^  yards  cotton  cloth,  for  targets. 
30  pounds  rocket  cord. 
223f  i^ounds  sash  cord. 
117  f>ounds  waste  cotton. 
456  yards  cotton  duck. 
18  pounds  packing  flax, 
^  pound  goat's  hair. 
52  i)Ounds  marline. 
125  yards  muslin. 
48  i)Ounds  oakum. 
3,  2G2^  pounds  assorted  rope. 
2 13 J  pounds  assorted  thread.  • 

18  pounds  patent  linen  thread. 
231 J  pounds  saddlers'  thread. 
845  pounds  shoe  thread. 

25  pounds  tow. 
346|-  pounds  twine. 

113^  pounds  woolen  yarn. 

20  yards  cartridge  bag  material. 

10  pounds  lami^wickiug. 

12  papers  iron  brads. 

20  pounds  brads. 
18^  pounds  bar  brass, 
llj  pounds  sheet  brass. 

16  iron  bolts. 

2  feet  iron  chain. 
500  gas  checks. 

26  pounds  bar  copper. 
13|^  pounds  sheet  coi)per. 

10  pounds  steel  filings. 
8  hasps  and  staples. 
48  pairs  brass  butt  hinges. 
8  pairs  hinges. 
1, 192^  pounds  bar  iron, 
107  pounds  hoop  iron. 
25  pounds  nail-rod  iron. 
235  padlocks. 
10  pounds  copper  nails. 
1, 260  pounds  horseshoe  nails. 
1^  782  x>ounds  iron  nails. 
240  saddle  nails,  japanned. 
180  saddle  nails. 
1;  000  escutcheon  pins, 
27J  gross  escutcheon  i)ins.  . 
10  pounds  escutcheon  pins. 
7 6  gross  brass  screw  i)ins. 
8  cast  iron  plates. 
207  pounds  assorted  rivets  and  burrs. 
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U)i\S  ])oiiii(ls  brass  rivets  and  burrs. 
7214  pounds  copper  rivets  and  bnrrs. 
2;J8A  ])ounds  h'on  rivets  and  burrs. 

G  iron  rods. 
174 J  gross  brass  screws. 
83  fi'ross  iron  screws. 
714  liorseslioes. 

2  cast  iron  sinks. 
60 J  pounds  solder. 

50  pounds  s])ikes. 
300  pounds  bar  steel. 
10  pounds  spring  steel. 
47  pounds  toe-calk  steel. 
02  ])ai)ers  copper  tacks. 
02§  i>ounds  copper  tacks. 
858,  000  iron  tacks. 

578  ])a])ers  iron  tacks. 
150§  pounds  iron  tacks. 
2  boxes  sheet  tin. 
2  i^ounds  brass  wire. 
10  pounds  steel  wire. 
145  feet  belting  leather. 
1,  037  sides  bridle  leather. 
27 J  lOOJ  pounds  harness  leather. 

4  sides  lacing  leather. 
2  feet  scratch  leather. 
0  calf-skins. 

80  chamois-skins. 

5  sheep  skins. 
570  feet  boards. 

1,  650  feet  plank. 

C52  feet  scantling. 
1,  635  feet  timber. 
100  pounds  boracic  acid. 
IJ  jiounds  muriatic  acid. 
45  i^ounds  sulphuric  acid. 
54  gallons  alcohol. 
58  pounds  gum  arabic. 

4  gross  elastic  bands., 
110  i^ounds  nitrate  baryta. 
615  quarts  leather  blacking. 
452  instruction  books. 
445  pounds  bone. 

10  pounds  borax. 
102  bath  bricks. 
30  Bristol  bricks. 
13  ounces  bristles. 
50  pounds  camphor. 
30  pounds  candles. 
10  pounds  red  chalk. 
76  pounds  white  chalk. 
61  quii*es  crocus  cloth. 
1,  206J  quires  emery  cloth. 

10  pounds  animal  charcoal. 
2  barrels  pulverized  charcoal. 
6 J  450  pounds  coal. 
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135  pounds  ammouiated  sulphate  of  copper. 

20  pounds  sulphate  of  copper. 
49J  gallons  Japan  drier. 

30  pounds  patent  drier. 

32  pounds  emery. 
1,000  envelopes. 

4  boxes  pai^er  fasteners. 
27  pounds  emery  flour. 
41  pounds  glue. 

50  pounds  white  glue. 

7  boxes  wheel  grease. 

1,  038  pounds  wheel  grease. 

30  pounds  gutta  percha. 
3  hektographs. 

5  boxes  ingredients  for  blacking. 
5  bottles  black  ink. 

12  bottles  hektograph  ink. 
1  bottle  red  ink. 

1  set  drawing  instruments. 
331J  gallons  lacquer. 

52  papers  lampblack. 

8G  i^ounds  lampblack. 
1, 591  pounds  red  lead. 
2, 475  pounds  white  lead. 

8  pounds  logwood. 

2  boxes  cleaning  material. 

.  25  pouTids  polishing  material. 
85,  i)ounds  scouring  material. 
40  quarts  browning  mixture. 

1  bottle  mucilage. 
500  x^ounds  refined  niter. 
175  gallons  burning  oil. 
38J  quarts  cosmoline  oil. 
7, 419  pounds  harness  oil. 
208  gallons  kerosene  oil. 
19  gallons  lard  oil. 
1, 381f  gallons  linseed  oil. 
245|  gallons  neatsfoot  oil. 
25|  gallons  neutral  oil. 
1, 369^  gallons  sperm  oil. 
12  gaUons  sweet  oil. 
10  feet  rubber  packing. 

2,  018  pounds  black  paint. 

50  pounds  green  paint. 
712  pounds  lead-color  paint. 
150  gallons  metallic  paint. 

3,  755  pounds  metallic  paint. 
4j  453  pounds  olive  paint. 

322  pounds  red  paint. 
10  pounds  white  paint. 
5  pounds  chrome-yellow  i^aint. 
40  pounds  drawing  paper. 
60  quires  drawing  paper. 
24  ra  quires  emery  paper. 
827  pounds  laboratory  paper. 
►        1  ream  letter  i)aper. 
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24  i)()iiiuls  log  paper. 
1  roam  note  paper. 
550  i)ouiuls  roeket  and  portfire  i)aper. 
130^  quires  sand  i)apers. 
113  i)0unds  stencil  paper. 
25.J  pounds  target  paper. 
020  pounds  wrapping  paper. 
1  ream  wrapping  i)ai)er. 
1^  pounds  parafiine. 
24  lead  i>encils. 

3  gross  metallic  pens. 
()  penholders. 

15  pounds  black  pepper. 

1  pound  red  pepper, 
llj  pounds  leather  polish. 
274  pounds  chlorate  of  potash. 
137  pounds  putty. 
30  pounds  rosin. 
55  pounds  gum  shellac. 
52  bars  castile  soap. 
2,  802  pounds  castile  soap. 
271  pounds  common  soap. 
120  pounds  sponge. 
705 J  X^ounds  rotten  stone. 
220  pounds  nitrate  of  strontia. 
300  pounds  flowers  of  sulphur. 
5 J  000  shix)ping  tags. 
104  pounds  tallow. 

J  barrel  coal  tar. 
418  gallons  coal  tar. 

15  i)ounds  tobacco. 
803  i3ai)ers  tripoli. 
1, 007 J  gallons  turpentine. 

4  ]30unds  burned  umber. 

4  pounds  raw  umber.  . 
13  gallons  varnish. 

3  bottles  vasaline. 

5  i)ounds  Vermillion. 
313f  pounds  beeswax. 
499J  Ijounds  black  wax. 

131  pounds  sealing  wax. 
10  gallons  whisky. 
180 pounds  whiting. 
12  lamp  wicks. 
5  pounds  sulphate  of  zinc. 


Tools  J  dee, 

3  assorted  adzes. 

2  andirons. 

3  anvils. 

17  leather  aprons. 
11  augers  and  handles. 
197  assorted  awls. 
1  brad  awl  and  handle. 

4  peg  awls  and  handles. 
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1^  035  saddlers'  awls. 

2  scratch  awls. 

3  seat  awls  and  handles. 
2  stub  awls  and  handles. 

6  assorted  axes. 
15  felling  axes. 

2  hand  axes. 

2  canvass  mail  bags. 

15  bags  for  tacks,  wax,  &c. 

5  tool  bags  for  saddlers'  and  smiths'  tools. 

2  crowbars. 

68  powder  barrels. 

336  metallic  powder  barrels. 
456  wood  powder  barrels. 

1  spring  balances. 

3  baskets. 

2  smiths'  bellows. 
1  bevel. 

45  assorted  bits. 
13  bits  for  brace. 

7  saw  blades. 
1  anvil  block. 

38  lead  punching  blocks. 

4  plumb  bobs. 
40  bottles. 

20  boxes  for  forge  and  battery  wagon  stores. 
24  boxes  for  cleaning  material. 

9  boxes  for  2)arts  small  arms. 
10  sets  Evans'  transportation  boxes. 
13  boxes  for  sets  reloading  tools. 

1  packing  box. 

2  shoeing  boxes. 
80  assorted  braces. 

1  drill  brace. 
274  corn  brooms. 

16  assorted  brushes. 
30  dusting  brushes. 
12  marking  brushes. 

476  paint  brushes. 

69  sash  brushes. 

28  wire  scratch  brushes. 
10  scrubbing  brushes. 

1  steel  brush. 

6  whitewash  brushes. 

23  galvanized  iron  water  buckets. 
6  wood  water  buckets. 

2  buttresses. 
1  calipers. 

1,  585  powder  canisters. 

3  oil  cans. 
1,  490  tin  cans. 

68  pricking  carriages. 
1  book  case. 

40  Madigan's  packing  cases. 
1  paper  case. 

5  chamois  skin  sword  cases. 
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()  el  I  airs. 

7  dianiielcrs. 
1,  0L*4  ])o\v(U'i'  cbiirgers. 
1,  47li  arm  cliosts. 

2  forge  chests. 

5  tool  chests. 

49  assorted  chisels. 
4  firmer  cliisels, 

35  saddlers'  clam])s. 

0  clamps  tor  picket  lines. 
2  vise  clami>s. 

1  nail  claw. 
1  clock. 

4  collets. 
74  compasses. 

6  iron  creasers. 
57  wood  creasers. 

1  set  stencil  cutters,  figures  and  letters. 

1  stencil  cutter,  period. 
6  wad  cutters. 

2  desks. 

15  crimping  dies. 

36  reloading  dies. 
27  resizing  dies. 

4  dies  and  taps. 

2  dies,  taps  and  stocks. 

2  tin  dippers. 
18  drifts. 

12  assorted  drills. 

1  set  drilli^. 

3  coopers'  drivers. 
33  oil  droppers. 

9  feather  dusters. 

37  i^rimer  extractors. 

2  primer  extractors  and  recappers. 

6  faucets. 

739  assorted  files. 

1  fixture. 

3  assorted  forks. 

7  formers  for  paper  shell. 
14  formers  for  rockets. 

16  copper  funnels. 

5  tin  funnels. 

2  saw  frames. 

10  assorted  gauges. 
2  carpenters'  gauges. 

6  combination  cartridge  gauges. 
5  draw  gauges. 

13  gimlets. 

12  assorted  gouges. 

13  firmer  gouges. 

5  grindstones  with  arbors  and  cranks. 

1  rifle  guide  for  ,star  gauge  points. 
135  assorted  hammers. 

2  hand  hammers. 

2  riveting  hammers. 
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0  saddlers'  hammers. 
3  shoeing  hammers. 

1  sledge  hammer. 
1  adze  handle. 

414  assorted  awl  handles. 
5  patent  awl  handles. 
11  ax  handles. 
13  chisel  handles. 
40  tile  handles. 

0  pickax  handles. 

3  handbarrows. 

1  hardies. 
33  hatchets. 

4  assorted  hose. 

2  grass  hooks. 

30  primer  extractor  hooks. 
4  reaping  hooks. 
20  copper  powder  barrel  hoops. 
11  saddlers'  horses. 

7  stitching  horses. 
25  feet  rubber  hose. 

1  branding  iron. 

4  clenching  irons. 
67  riveting  irons* 
11  rounding  irons. 

(j  soldering  irons. 

8  jackscrews. 

1  kettle. 
400  assorted  knives. 
1  channel  knife. 

5  drawing  knives. 

3  gauge  knives. 

3  half  round  knives. 
1  head  knife. 

0  putty  knives. 

3  saddlers' knives. 
15  shoeing  knives. 

7  shoe  knives. 
15  splitting  knives. 

3  ladles. 

1  step  ladder. 

3  chalk  lines. 

2  tape  lines. 
1  spirit  level. 

1  surveyors'  level. 
1  model  for  target. 
84  assorted  mallets. 

1  mandrel. 

6  mauls. 

4  mills. 

2  powder  measures. 

7  tape  measures. 

9  tin  measures. 

0, 958  assorted  needles. 
4  collar  needles. 
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5  ])ai)ors  glovers'  noodles. 
00  i)a^)ers  saddlers'  needles. 

25  sail  needles. 
113  nij)i)ers. 

1  collar  i)alni. 

3  dusting  pans. 

24  carpenters'  ])en('ils. 
9  pickaxes. 

7  pins. 

102  pnnier  extractor  pins. 
32  assorted  pincers. 

24  assorted  planes. 
1  smoothing  plane. 

1  face  plate. 

2  screw  plates,  witli  dies  and  tai)s,  complete. 
1  set  stencil  plates,  letters  and  figures. 

34  pliers. 

4  caliber  plugs. 
1  poker. 

1  marking  pot. 

1  pot  for  melting  sealing  \Yax. 

4  watering  pots. 

1  saddlers'  tool  pouch. 

5  pritchels. 

2  nail  pullers. 

35  assorted  punches. 
1  fore  punch. 

11  hand  punches. 
1  nail  punch. 

13  primer  punches. 
47  reloading  punches. 

26  resizing  punches. 
176  saddlers'  punches. 
105  spring  punches. 

14  gun-racks. 

1  smiths'  rake. 
4  wooden  rakes. 
115  rasps. 

8  reamers. 

1  chalk-line  reel. 

1  surveyors'  leveling  rod. 

103  2-foot  rules. 
24  corn  sacks. 

22  assorted  saws. 
1  compass  saw. 

3  cross-cut  saws. 
1  tennon  saw. 

3  counter  scales. 

1  platform  scales. 
17  scissors. 

2  box  scrapers. 

4  iron  scrapers. 
13  shell  scrapers. 

4  stockers'  s(5rapers. 
78  screw-drivers. 
40  screw-drivers  for  brace. 

2  screw  plate. 
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20  scythes. 

78  buiT  or  rivet  sets. 

2  saw  sets.  . 

13  primer  setters. 
87  shears. 

4  stockers'  shavers. 

15  assorted  shovels. 

8  long-handled  shovels. 

0  sickles. 

5  sieves. 
4  sledges. 

45  slickers. 

104  magazine  slipi^ers. 

16  scythe  snaths. 
13  safety  sockets. 
16  spades. 

3  spokeshaves. 

6  squares. 

4  stakes. 

6  seal  stamps. 

2  grindstone  stands. 

8  straight  starters. 

1  sharpening  steel. 

1  bit  stock. 

2  die  stocks,  with  dies  and  taps,  complete. 
1  drill  stock. 

58  oil  stones. 

109  sand  stones. 
22'  scythe  stones. 

3  stoves,  heating. 
1  straightedge. 

4  primer  extractor  teeth. 

110  thimbles. 

46  ticklers. 

5  tongs. 

47  claw  tools. 
131  edge  tools. 

23  hand  tools. 

22  priming,  tools. 

34  sets  cartridge-reloading  tools. 

9  reloading  tools. 
277  sash  tools. 

1  set  saddlers'  tools. 

1  surveyors'  tripod. 

2  trestles  for  Laidley  cavalry  forge. 

1  trowel. 

5  assorted  vises. 

2  bench  vises. 
2  forge  vises. 
2  hand  vises. 

201  pricking  wheels. 

7  wheelbarrows. 

2  brush  wipers,  for  cartridge  shell. 
7  assorted  wrenches. 

3  powder-barrel  wrenches. 
11  screw  wrenches,  v-i/j 

1  wrench  and  plug  for  vent  piece. 
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Apportionment  of  or(1n<(ncc,  ordnance  stores,  <f  e.,  for  the  Jiscal  \jcar  ending  June  130,  1880^ 
under  sections  16(51  and  l()67  licrised  StatutcN  United  Stales,  and  regulations  established 
in  conformity  therewith. 


Stat«'S  and  Tiu  ritories. 


Alabama  

Arkansas  

California  

Colorado  

Connecticut  

Delaware  

Florida  

Georgia  

Illinois  

Indiana  

Iowa  

Kansas  

Kentucky  

Louisiana  '  

Maine  

Maryland  , 

Massachusetts   

Michigan  , 

Minnesota  

Mississippi  

Missouri  

Nebraska  

Nevada  

New  Hampshire  

New  Jersey  , 

New  York  

North  Carolina  , 

Ohio  

Oregon  

Pennsylvania  

Ehode  Island  

South  Carolina  

Tennessee  

Texas  

Vermont  

Virginia  

"West  Virginia   

Wisconsin  '  

Ai^zona  Territory*  

Dakota  Territory*  

Idaho  Territory*  , 

New  Mexico  Territory*. 

Montana  Territory*  

Utah  Territory*  

"Washington  Tenitory* 

Wyoming  Territory*  

District  of  Columbia*... 


Total  . 
Freights,  &c . 


a>  a;  to 

> 

)s  «  O 

g  C  CO 

% 

!^  "  " 

10 

$4,  797  85 

G 

2,  878  71 

G 

2,  878  71 

3 

1.  439  36 

6 

2,  878  71 

3 

1, 439  36 

4 

1,919  14 

11 

5, 277  64 

21 

10,  075  49 

15 

7, 196  78 

11 

5,  277  64 

5 

2,  398  93 

12 

5,  757  42 

8 

3,  838  28 

7 

3,  358  50 

8 

3, 838  28 

13 

6, 237  21 

11 

5,  277  64 

5 

2, 398  93 

8 

3, 838  28 

15 

7, 19G  78 

3 

1,  439  36 

3 

1, 439  36 

5 

2,  398  93 

9 

4,  318  06 

35 

16,  792  48 

10 

4,  797  85 

22 

10,  555  27 

3 

1,  439  36 

29 

13  913  76 

4 

]i919  14 

7 

3,  358  50 

12 

5,  757  42 

8 

3,  838  28 

5 

2,  398  93 

11 

5,  277  64 

5 

2, 398  93 

10 

4,  797  85 

3 

1, 439  36 

1,  439  36 

3 

1,  439  36 

3 

1.  439  36 

3 

1, 439  36 

3 

1,  439  36 

3 

1,  439  36 

3 

1,  439  30 

3 

1, 439  36 

396 

189,  995  00 

11, 005  00 

200,  000  00 

^Apportionment  according  to  the  first  paragraph  of  the  President's  regulation  of  April  30, 1855. 
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Statement  of  ordnance,  ordnance  stores,  (£'C..  distributed  to  the  militia  from 
July  1,  1879,  to  June  30,  1880,  under  sections  1661  and  1667,  Revised 
Statutes  United  States. 

Class  I. 

4  12-poimder  bronze  guns.  . 

2  12-pounder  mountain  howitzers. 

4  Gatling  guns,  10  barrels,  long,  caliber  .45. 

Class  IT. 

2  carriages  for  6-pounder  guns. 

1  carriage  for  light  12-pounder-gun. 

6  carriages  and  limbers  for  light  12-pounder  guns. 

2  carriages  and  limbers  for  12-pounder  mountain  howitzers. 
4  carriages  and  limbers  for  10-pounder  Parrott  guns. 

4  carriages  and  limbers  for  Gatling  guns,  caliber  .45. 
2  caissons  and  limbers  for  light  12-pounder  guns. 

Class  III. 

10  sponge  buckets,  iron,  for  field  guns. 
8  tar  buckets,  iron,  for  field  guns. 
4  watering  buckets,  leather. 
6  front  sights  for  light  12-pounder  guns. 
4  fuze  cutters. 

24  gunners'  haversacks. 
12  gunners'  gimlets. 

4  gunners'  calipers. 

2  gunners'  levels. 
12  gunners'  pincers. 

2  gunners'  quadrants. 
22  handspikes,  trail. 

4  sets  of  artillery  harness,  2  horses,  wheel. 

6  sets  of  artillery  harness,  2  horses,  lead. 
14  paulins,  12  by  15  feet. 

5  pendulum  hausses. 

1  pendulum  hausse-pouch. 

12  lanterns. 

25  lanyards  for  friction  primers. 

13  prolonges. 

10  priming  wires. 

4  sponges,  woolen,  10-pounder  gun. 
16  sponges,  woolen,  light  12-pounder  gun. 

4  sponge  covers,  3-inch  gun. 

5  sponge  covers,  6-pounder  gun. 

14  sponge  covers,  light  12-pounder  gun. 
4  sponges  and  rammers,  3-inch  gun. 

7  sponges  and  rammers,  6-i)ouncler  gun. 
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18  spou^cvs  jiiid  i';iinnioi's,  li^lit  IS-pouiuler  f^uii. 

8  huriHvss  sacks. 
2()  tlimiibstjills. 

3  t()iuj)i()ns  for  li^iit  1 -i-pounder  gnu. 

4  tow  liooks. 

^  20  tube  pouclies. 
11  vent  covers. 
8  vent  pnnehes. 
30  artillery  wliii)s. 
11  worms  and  staves  for  field  guns. 

Class  V. 

104  12-i)oiinder  shot,  fixed. 
35  3-inch  shells,  fully  prepared. 

24  12-pouuder  mountain  howitzer  shells,  strapped  and  fixed. 
65  3-inch  case  shot,  fully  prepared. 
50  2.9-incli  canister,  fully  prepared. 
192  12-pounder  canister,  fixed. 

70  12-pounder  mountain  howitzer  canister,  filled. 

Glass  VI. 

Muzzle-loading. 

8  Springfield  rifle  muskets,  caliber  .58. 

Breech-loading. 

1,  775  Springfield  rifles,  caliber  .50. 

120  Springfield  rifles,  cadet,  caliber  .50. 

6,  879  Springfield  rifles,  caliber  .45. 

150  Springfield  rifles,  cadet,  caliber  .45. 

"  ^^  J::  16  Springfield  rifles,  officer's  model,  caliber  .45. 
°  702  Springfield  carbines,  caliber  .45. 
501  Colt's  revolvers,  caliber  .45. 

131  Schofield's  Smith  &  Wesson  revolvers,  caliber  .45. 

69  officers'  swords. 
103  non-commissioued  officers'  swords. 
297  light  cavalry  sabers. 
164  artillery  sabers. 

72  bayonets  for  caliber  .50  rifles. 

16  trowel  bayonets. 

Class  VII. 

1  set  infantry  equipments. 
6,  559  steel  bayonet  scabbards. 

151  leather  bayonet  scabbards. 
136  trowel  bayonet  scabbards. 
558  cartridge  belts,  caliber  .45. 

4,  792  cartridge  boxes,  caliber  .45. 

71  cartridge  boxes,  caliber  .50. 
259  cartridge  boxes,  caliber  .58. 

1  cartridge  box,  pattern  1872. 
310  carbine  cartridge  pouches. 
3  ORD 
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96  pistol  cartridge  pouches. 
400  carbine  sliugs  and  swivels. 

50  carbine  sliDg  swivels. 

60  carbine  sockets  and  straps. 
100  currycombs. 
3,  827  gun  slings. 
100  horse  brushes. 
320  haversacks  and  straps. 
370  canteens  and  straps. 

1,  001  knapsacks  and  straps. 
188  pistol  holsters.  • 

1, 206  saber  belts  and  plates. 
600  saber  belt  plates. 
156  saber  knots. 
100  pairs  spurs  and  straps. 
32  pairs  sweat  leathers. 

7  saddle  blankets. 

4  artillery  drivers'  saddles. 

4  artillery  bridles. 
129  cavalry  saddles. 
129  curb  bridles. 

1  valise.  * 
6j  134  waist  belts  and  plates. 

20  non-commissioned  officers'  waist  belts  and  plates. 
56  non-commissioned  officers'  shoulder  belts  and  plates. 
20  non-commissioned  officers'  sword  frogs. 

Class  YIII. 

438  blank  cartridges  for  10-pounder  gun. 

2,  340  blank  cartridges  for  3-inch  gun. 

24  blank  cartridges  for  light  12-pounder  gun. 
36, 000  musket  blank  cartridges,  paper,  caliber  .58. 
1, 105,  465  rifle  ball  cartridges,  caliber  .50. 
26,  500  rifle  blank  cartridges,  caliber  .50. 
299,  000  rifle  ball  cartridges,  caliber  .45. 
124,  000  rifle  blank  cartridges,  caliber  .45. 
34,200  carbine  ball  cartridges,  caliber  .45. 
12,  000  revolver  ball  cartridges,  caliber  .45. 

7,  000  revolver  blank  cartridges,  caliber  .45. 
12,  240  friction  primers. 
1,  000  cartridge  primers. 

50  pounds  musket  powder, 
1,  000  i)ounds  mortar  powder. 
10  portfires. 
000  lubricated  bullets,  caliber  .45. 

Class  X. 

4  pole  pads. 

4  pairs  pole  straps. 

Spare  parts  for  Springfield  rifle,  caliber  .50. 

2  ejector  springs. 
274  firing  pins. 
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2  rear-siftlit  Ic^avea. 

U  rojir-si^lit  leaf  slides. 

3  rear-sij»'Ut  leaf  screws. 
1  receiver. 

1  ramrod. 

4  stocks. 

Spare  parts  for  Springfield  rifle,  caliber  .45. 

120  bayonets. 
862  rear  sights. 
120  tumblers. 

Miscellaneous. 
1  set  band  reloading  tools,  caliber  .45. 
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APPENDIX  5. 


{Statement  oj  ordnance^  ordnance  stores,  &c.,  distributed  to  colleges  and  uni- 
versities, from  Jul}/  1,  1879,  to  June  30,  1880,  under  section  1225  Revised 
Statutes  United  Slates^  as  amended  by  act  approved  July  5,  1876. 

Class  I. 

2  6  pounder  bronze  guns. 
8  3-inch  wrought-iron  guns. 

Class  II. 

2  6-pounder  gun  carriages  aud  limbers. 
8  3-inch  gun  carriages  and  limbers. 

Class  III. 

10  gunners'  haversacks. 
10  handspikes. 

20  lanyards  for  friction  primers. 

10  priming  wires. 

10  paulins,  12  by  15  feet. 

4  pendulum  hausses. 

4'  seats  for  pendulum  hausses. 

4  xjouches  for  pendulum  hausses. 

4  sponges  and  rammers  for  6-pounder  gun. 
16  sponges  and  rammers  for  3-inch  gun. 

4  sponge  covers  for  6-pounder  gun. 
16  sponge  covers  for  3-inch  gun. 
20  thumbstalls. 

8  tompions  for  3-inch  gun. 
10  tube  pouches. 
10  vent  covers. 

Class  IY. 

40  8-inch  mortar  shells,  strapped. 

Class  YI. 

393  Springfield    cadet"  rifles,  caliber  .45. 
124  light  cavalry  sabers. 
.6  non-commissioned  officers'  swords,  steel  scabbards. 

Class  YII. 

6  non-commissioned  officers'  shoulder  belts  and  plates. 
100  saber  belts  and  plates. 
393  steel  bayonet  scabbards. 

67  leather  bayonet  scabbards. 
393  cartridge  boxes,  caliber  .45. 
393  waist  belts  and  plates. 

31  waist  belts. 
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Clahs  VIII. 

1, 100  blank  cartridges  for  0-])()iin(lor  ^uii. 
()00  blank  cartridges  for  3-inch  ^iin. 
200  blank  cartridges  for  lU-pounder  jL^iin. 
7,000  carbines  ball  cartrid^^es,  caliber  .50. 
1,000  ride  ball-cartridges,  caliber  .45. 
13, 000  carbine  ball-cartridges,  caliber  45. 
7,  000  ritle  and  carbine  blank  cai  tridf>x\s,  caliber  .50. 
12,  000  rilie  and  carbine  blank  cartridges,  caliber  .45. 
5,  700  friction  primers. 

40  time  fuses  for  8-inch  mortar  shells. 


APPENDIX  6. 


Statement  of  ordnance  stores y  <&c.j  distributed  to  the  Territories  and  States 
bordering  thereon^  from  July  1,  1879,  to  June  30,  1880,  under  the  joint 
resolutions  of  July  3, 1876,  March  3,  1877,  and  June  7, 1878,  and  the  act 
of  May  16,  1878. 

300  Springfield  rifles,  caliber  .50. 
300  leather  bayonet-scabbards. 
300  cartridge  boxes,  caliber  .58. 
300  gun  slings. 
300  waist  belts  and  plates. 
30,  000  rifle  ball-cartridges,  caliber  .50. 
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Statement  of  ordnance  stores  issued  to  the  Executive  Departments  under  the 
provisions  of  the  act  of  March  3,  1879. 

TO  THE  TREASURY  DEPARTMENT. 

84  Spriiif>fiel(l  carbiues,  caliber  .45. 

50  carbine  slings. 

50  carbine  cartrid<]^e-pouches. 

8  carbine  slings  and  swivels. 

8  cartridge  boxes. 
58  waist  belts  and  plates. 
Sy  000  carbine  ball-cartridges,  caliber  .45. 
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EEPORTS  OF  THE  OON^STRUOTOR  OF  ORDKANCE. 


Office  of  the  Constructor  of  Ordnance, 

New  Yorl^^  September  28,  1880. 
Sir  :  I  have  tlie  honor  to  transmit  herewith  the  following  papers  and 
plates  to  accompany  your  annual  report  for  the  current  year,  viz : 
Construction  report  of  a  3.17-inch  muzzle-loading  rifle. 
Construction  report  of  a  3.18-inch  breech-loading  chambered  rifle  j 
with  two  plates. 

Construction  report  of  a  field  carriage  for  a  3.18-inch  breech-loading 
rifle ;  with  two  jflates. 

Construction  report  of  an  8-inch  muzzle-loading  rifle  (converted),  with 
an  increased  pitch  of  rifling. 

Construction  report  of  an  8 -inch  muzzle-loading  chambered  rifle  (con- 
Terted)^  one  plate. 

Progress  report  on  experimental  cannon  powders. 

Tests  of  bar  iron  used  in  the  fabrication  of  wrought-iron  tubes  for  con- 
verted rifles. 

The  progress  reports  on  powder,  and  the  report  on  the  tests  of  bar  iron 
used  in  the  construction  of  tubes  for  converted  rifles,  were  specially 
prepared ;  the  former  by  Capt.  C^harles  S.  Smith,  and  the  latter  by  Lieut. 
C.  W.  Whipple ;  and  I  am  largely  indebted  to  thei^  services  in  the  prep- 
aration of  the  remaining  reports. 

Yery  respectfully,  your  obedient  servant, 

S.  CRISPIN, 
Bvt.  Col.,  TJ.  S.  A.J  Lieut.  Col.  of  Ordnance^ 

Constructor  of  Ordnance. 

The  Chief  of  Ordnance,  U.  S.  A., 

Washington^  D.  C. 
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APPENDIX  8. 


CONSTRUCTION  REPORT  OF  A  :?.17  INCH  MUZZLE-LOADING  RIFLE. 

This  gmi  was  bored  out  to  the  same  diaiueter  iis  3.17-iu(jh  muzzle  load- 
in^'  ride,  rapid  twist,  eoustrueted  hist  year  (see  Kei)ortof  Chief  of  Ord- 
nance for  1879),  and  re-ritied  with  its  original  twist,  number  of  grooves, 
&c.,  in  order  to  alford  the  means  of  accurate  comi)arisou  betweei^the 
two  systems  of  ritling  empk^yed. 


DESCRIPTION. 


RIFLINGS. 

Number  of  lands  and  groovoa  7 

Width  of  lands   0.5776  inch. 

Width  of  grooves   0.846  inch. 

Depth  of  grooves   0.075  inch. 

Twist  nniform,  one  turn  in  10  feet. 

The  rifling  stops  at  4  inches  from  the  bottom  of  the  bore. 


FABRICATION. 


The  gun  selected  for  this  alteration  was  3-inch  wrought-iron  rifle,  ^o. 
778,  and  the  work  was  performed  at  the  West  Point  foundry. 
The  gun  was  simply  bored  to  the  required  diameter,  and  then  re-rifled. 


INSPECTION. 


After  star-gauging,  the  gun  was  shipped  to  the  Sandy  Hook  proving 
ground. 
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CONSTRUCTION  REPORT  OF  A  3.18-INCH  BREECH-LOADING  CHAMBERED 

RIFLE. 


(Two  plates.) 


DESCRIPTION. 

t 

lu  its  general  features  tbis  gun  resembles  the  3-incli  breech-loading 
rifle  constructed  last  year,  and  described  on  pages  67  and  68  of  the  Ee- 
port  of  Chief  of  Ordance  for  1879. 

Both  guns  are  converted  from  3-inch  wrought-iron  muzzle-loading 
rifles  by  cutting  oft' the  breech  near  the  bottom  of  the  bore,  and  screw- 
ing in  from  the  rear  a  steel  breech -receiver,  which  forms  the  rear  end  of 
the  bore,  and  contains  and  supports  a  sliding  breech-block. 

But  the  3.18-inch  differs  from  the  3-inch  rifle  in  the  following  details : 

The  breech  block  is  cylindro-prismatic  in  shape,  instead  of  prismatic. 

The  front  of  the  block  is  hollowed  out  for  the  receptioi^of  a  steel  ob- 
turator-plate, in  the  place  of  a  pressure  plug  inserted  in  the  block  of  the 
first  gun  as  a  consequence  of  the  experimental  purposes  for  which  it  was 
intended. 

The  outward  movement  of  the  block  is  limited  by  a  stud  screwed 
through  the  top  of  th^e  breech  receiver. 

The  old  lands  are  removed  by  boring  to  3.18-inches,  and  the  gun  re- 
rifled  with  a  more  rapid  twist. 

The  capacity  of  the  powder  chamber  is  much  increased  and  the  vent 
placed  at  a  greater  distance  from  the  bottom  of  the  bore. 


*  RIFLING,  CHAMBERING,  AND  VENTING. 


Number  of  grooves  and  lands     22. 

Width  of  lands   0.200  incli. 

Width  of  grooves   0.254  inch. 

Depth  of  grooves     0.04  inch. 

Twist  uniform,  one  turn  in  7  feet. 

The  chamber  is  8.25  inches  in  length  and  3.78  inches  in  diameter.  In 
front  of  the  mouth  of  the  chamber,  and  for  a  length  of  1.25  inches,  the 
bore  is  enlarged  to  the  bottom  of  the  grooves,  and  the  lands  connected 
with  this  point  by  a  bevel  1.0  inch  in  length. 

The  rear  of  the  chamber  is  enlarged  to  form  a' seat  for  the  gas  check. 

The  vent  is  in  a  vertical  plane  passing  through  the  axis,  and  at  a  dis- 
tance of  3.75  inches  from  the  bottom  of  the  bore. 


FABRICATION. 


The  gun  selected  for  the  conversion  was  3 -inch  wrought-iron  rifle,  No. 
774,  and  the  work  was  performed  at  the  West  Point  foundry. 

*  It  was  the  intention  to  make  the  lands  narrower  at  the  seat  of  the  projectile  than 
at  the  muzzle,  to  wit;  width  at  the  muzzle,  0".2,  width  at  Be.-tt  of  i.rojectile  O'MG; 
but  the  necessary  alterations  of  tools  to  do  the  work  it  was  thought  would  consume 
too  much  time  to  carry  out  this  intention,  and  the  lands  were  therefore  made  of  an 
uniform  width  throughout. 
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Tlie  breech  receiver  imd  block  were  iiuide  of  Midviile  steel  tein])ered 
ill  oil. 

SixH'imeiis  of  tlie  steel,  tested  before  and  after  teini)eriii^-,  j>'ave  the 
following'  results : 


l^oforo  toniperiujj 
After  temperiug' 


Tenacity 
per  square 
inch. 


Pounds. 
89,  c:^9 
111, 890 


Extension 
per  inch. 


Inch. 
0. 198 
0. 14 


INSPECTION. 


After  the  usual  inspection,  the  gun  was  mounted  on  its  carriage  and 
shipped  to  Sandy  Hook. 

Principal  dimensions. 

Total  Iciioth  of  converted  rifle  _  inches . .  72. 65 

Length  of  bore  do  . . .  64.  85 

Length  of  rifled  portion  of  bore  do  ...  54.  35 

Diameter  of  bore  across  hinds  .  do  ...  3. 18 

Length  of  chamber  do  ...  8.  25 

Diameter  of  chamber  do  ...  3. 78 

Length  of  breech  receiver  in  rear  of  casing  do  . ..  9. 5 

Total  length  of  breech  receiver  do  ...  25 

Diameter  of  breech  receiver  over  threads  do  ...  6. 2 

Length  of  screw  in  breech  receiver  do  ...  7.  5 

Pitch  of  thread  in  breech  receiver    ".do  ...  1.  5 

Length  of  breech  block  :  do  ...  10.  95 

Width  of  breech  block  do  ...  4.  75 

Nnmber  of  grooves  and  lands  do  ...  22 

Width  of  grooves  do  ...  0. 254 

Width  of  lands  •  do  . . .  0.  2 

Depth  of  grooves  do  ...  0.  04 

Pitch  of  rifling  (uniform)  one  turn  in  feet..  7 

Axis  of  vent  from  bottom  of  bore  inches  . .  3.  75 

Weight  of  gun  pounds. .  836 

Preponderance  do   87 


PLATE  I. 


Appendix  8^—1880. 


PLATE  II. 


Appendix  8^—1880. 
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CONSTRUCTION  REPORT  OF  A  FIELD-CAUKIAGE  FOR  3.18^ INCH  BREECH- 

LOADlNd  RIFLE. 

(Two  plates.) 

PRELIMINARY  REMARKS. 

The  advisability  of  substitiitinj?  iron  or  steel  for  wood  in  the  construc- 
tion of  the  prin(M])al  ])arts  of  tlie  iield-j^un  carriage  was  long  since  rec- 
ognized, both  in  this  country  and  abroad. 

Ex[)erimental  iron  carriages  were  made  under  the  dire(*<tion  of  Colonels 
Kodman  and  Benton,  as  far  back  as  J  806  and  1807,  but  the  want  of  nec- 
essary appropriations,  the  nund)er  of  serviceable  wooden  carriages  on 
hand,  and  the  small  luimber  required  for  issue,  caused  a  continuation  of 
the  experiments  to  be  postponed. 

The  success  of  the  3-iuch  breech-loading  rifle,  and  the  proposition  to 
make  and  issue  a  battery  of  such  guns  for  service,  seemed  to  point  to  the 
present  as  a  suitable  occasion  to  investigate  the  subject  of  providing 
them  with  proper  carriages. 

The  constrm^tion  of  the  cheeks  by  re  enforcing  them  with  angle  iron 
was  adopted  from  motives  of  economy  and  the  desire  to  save  time ;  it 
is  contemplated,  however,  in  future  constructions  of  these  gun-carriages, 
to  form  each  cheek  with  its  flanges  from  a  single  piece. 

DESCRIPTION. 

The  main  features  of  the  3.18-inch  field-carriage  are  as  follows : 
1st.  Two  cheeks  of  steel  plate  -f-^  inch  thick,  stiffened  by  angle  iron 
riveted  on  the  inside  along  the  edge,  and  reinforced  by  a  small  plate 
between  the  axle  and  the  trunnions. 

2d.  A  wrought-iron  axle  supporting  the  cheeks,  and  braced  to  the 
trail  on  each  side  by  rods  attached  to  the  axle  just  inside  of  the  shoul- 
der-washer. 

3d.  A  wrought-iron  lunette  plate  securing  the  ends  of  the  trail,  and 
forming  the  support  and  point  of  attachment  for  the  trail  handspike. 

4th.  A  middle  and  front  transom,  riveted  to  the  inside  of  the  cheeks, 
the  one  in  rear  of,  and  the  other  in  front  of,  the  axis  of  the  trunnions. 

5th.  The  elevating  apparatus,  composed  of  two  screws,  one  working 
within  the  other ;  the  outer,  hollow,  screw  works  in  a  nut  which  is  piv- 
oted to  two  brass  supports,  riveted  to  the  cheeks  of  the  trail. 

6th.  The  trail  chest,  for  tools,  composed  of  a  single  wrought-iron 
plate,  bent  to  the  proper  shape,  lined  with  wood,  and  riveted  to  the 
cheeks  just  in  rear  of  the  elevating  screw ;  the  lid  of  the  chest  is  also 
of  wrought  iron,  lined  with  wood,  and  is  hinged  to  the  front  of  the 
chest. 

7th.  The  wooden  wheel-brake  with  iron  shoes,  supported  by  the  trail, 
and  controlled  by  a  screw  working  in  a  nut  attached  to  the  axle. 

8th.  The  wheels,  with  steel  tire,  wooden  spokes  and  fellies,  and  brass 
naves. 

9th.  A  hollow  iron  trail  handspike,  with  solid  head,  attached  to  the 
lunette  plate  j  when  not  in  use  for  pointing  it  is  folded  back  over  the 
trail  and  rests  upon  the  lid  of  the  chest.  . 
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FABEICATIOlSr. 

The  work  was  done  by  the  West  Point  foundry. 
The  cheeks  were  furnished  by  the  Nashua  Steel  Works,  in  the  follow- 
ing shape : 


96" 

The  plates  were  first  cut  to  the  proper  ehape,  the  outline  being  laid 
out  on  them  by  means  of  a  wooden  pattern. 

The  angle-iron,  with  a  flange  of  If  inches,  was  then  bent  over  the 
formers  to  the  same  outline,  the  ends  being  welded  at  the  foot  of  the 
trail,  and  the  two  frames  thus  produced  riveted  each  to  their  respective 
cheeks. 

The  wrought-iron  trunnion-bed  plates,  each  of  which  formed  one  con- 
tinuous piece  with  the  axle-bed,  were  then  shaped  and  riveted  to  the 
angle-iron,  and  the  reinforcing  plates  secured. 

The  next  step  was  to  assemlDle  the  cheeks.  The  heads  of  the  cheeks 
were  temporarily  secured  together  while  the  lunette  plate  was  attached; 
then  the  middle  transom  was  riveted  to  the  cheeks,  and  the  small  front 
transom  and  trail- chest  added. 

In  the  mean  time  the  axle  and  braces  had  been  forged,  and  the  brake 
with  its  screw  handle,  and  nut,  the  handspike,  implement  hooks,  cap- 
squares,  and  other  small  parts  prepared  for  attachment. 

These  parts,  together  with  the  elevating  apparatus,  having  been  fit- 
ted to  the  carriage,  it  was  completed  by  the  addition  of  the  wheels 
which  were  made  by  W.  H.  Jackson,  of  Matteawan,  Y. 

Principal  dimensions  and  iveighls  of  field-gun  carriage  for  '3.18-inch  breech-loading  con- 
verted rifle. 


Distance  between  the  inside  of  the  trunnion  plates  inches..  9.  6 

Diameter  of  the  trunnion  liolea  do  ...  3.  7 

Distance  from  axis  of  trunnions  to  axis  of  axle-tree  do  . ..  12.  7 

Height  of  axis  of  trunnions  above  the  ground  do  . . .  41.2 

Distance  between  the  points  of  contact  of  trail  and  wheels  with  the  ground 

line  inches..  74.  4 

Distance  from  front  of  wheels  to  end  of  trail,  the  jnece  being  in  battery.,  do  .. .  116.  6, 

Thickness  of  steel  cheek-plates  do  ... 

Width  of  flange  of  reinforcing  angle-iron  do  ...  1.  75 

Whole  length  of  axle  : . . .   do  ...  70.  5 

Wheels : 

Height  of  wheels  do  ...  57 

Track  of  the  wheels  do  ...  60 

Dish  of  finished  wheel  do  ...  1.  375 

Diameter  of  brass  nave  :  do  ...  10.  5 

Spokes  number..  12 

Fellies  do   7 

Weights :  ^ 

Carriage,  without  wheels  •  pounds . .  819 

One  wheel  -  do   180 

Carriage  complete  without  implements  do   1, 179 


PLATE  I. 
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APPENDIX  8c. 


CONSTKlJCriON  Rl<:i»ORT  OF  AN  H-INCJl  MUZZLE-LOADJNG  RIFLE  (CON- 
VERTED) No.  29,  BREECH  INSERTION,  RAPID  TWIST. 

DESCRIPTION. 

The  only  peculijirity  wliicli  (listin<j^iiislies  tin's  gun  from  other  8-incli 
converted  ritles  consists  in  its  riding,  the  details  of  which  are  as  follows: 


Numbor  of  lands  and  grooves .  ^   24 

Widtli  of  lands   0.  349  inch. 

Width  of  grooves   0.  0982  inch. 

Depth  of  grooves   0.  075  inch. 


Twist,  uniform;  one  turn  in  30  feet. 

FABRICATION. 

The  tube  was  made  and  work  of  conversion  performed  by  the  West 
Point  foundry. 

•  INSPECTION. 

The  usual  inspections  were  made  of  all  details,  and  the  gun  after  com- 
pletion shipped  to  Sandy  Hook  proving  ground. 

Principal  dimensions. 


Length  of  hore  ,  inches . .  117.  25 

Length  of  tube  do  ...  120 

Length  of  jacket  over  tube  do  ...  43 

Total  length  of  finished  tube  do  . . .  136.  66 

Interior  diameter  of  jacket  do  ...         10.  50 

Exterior  diameter  of  tube  under  jacket   do...  10.505 

Diameter  of  finished  tube  from  screw  thread  to  first  shoulder   do  . ..         14.  698 

Corresponding  diameter  of  bore  of  casing  do  -  ..  14.703 

Diameter  of  finished  tube  from  first  shoulder  to  second  shoulder  do  . 13.  490 

Corresponding  diameter  of  bore  of  casing  do  ...  13.494 

Diameter  of  finished  tube  from  second  shoulder  to  third  shdlilder  .  .,do  ...         11.  481 

Corresponding  diameter  of  bore  of  casing.  do  ...         11.  489 

Diameter  of  finished  tube  from  third  shoulder  to  neck  do  . ..         10.  490 

Corresponding  diameter  of  bore  of  casing  do  ...         10.  500 

Weight  of  gun  pounds..  16,070 

Counter  preponderance  do   168 
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CONSTRUCTION  KEPORT  OF  AN  8-INCH  MUZZLE-LOADING,  CHAMBERED 
RIFLE,  CONVERTED  FROM  A  10-INCH  RODMAN  SMOOTH-BORE,  BY  LIN- 
ING, BY  BREECH  INSERiTON,  WITH  A  COILED  WROUGHT-IRON  TUBE, 
HAVING  A  JACKET  SHRUNK  ON  EXTENDING  THROUGH  THE  BREECH. 


(One  plate.) 

DESCRIPTION. 


The  gun  differs  from  8-inch  converted  muzzle-loading  rifle  No.  1  (B.  I.), 
described  on  page  352,  Eeport  of  the  Chief  of  Ordnance  for  1878,  in  the 
following  respects : 

H*y;The  shoulder  n\)oi\  the  jacket  of  the  tube  is  dispensed  with,  the  jacket 
having  a  uniform  diameter  of  14.5  inches,  except  across  the  threads  at 
its  base,  where  the  diameter  is  15.3  inches.  The  bottom  of  the  bore  is 
enlarged  so  as  to  form  a  chamber  of  the  following  dimensions : 

Length  of  cylindrical  part  inches...  22.267 

Depth  of  cup  at  bottom  do   3.  75 

Length  of  bevel  do   2 

Total  length  of  chamber  do   28. 017 

Diameter  of  chamber  do   9 

Volume  of  chamber  cubic  inches. . .  1, 650 

Powder  capacity  of  chamber  i  ..pounds...  62 

As  the  breech-cup  formed  the  bottom  of  the  chamber,  it  was  increased 
in  length  (depth  and  thickness  of  cup)  from  5.50  inches  to  6.50  inches. 

RIFLING. 


The  rifling  of  the  gun  consists  of  15  lands  and  grooves  each,  of  equal 
width,  and  terminates  upon  the  bevel  of  the  chamber. 

Width  of  lands  and  grooves   0.  83776  inch. 

Depth  of  grooves   0.  073  inch. 

Twist,  uniform;  one  turu  in  40  feet. 

TENTING. 


The  old  vent  is  closed  (the  copper  bushing  having  been  removed)  by 
a  wrought-iron  screw-plug,  and  2".75  nearer  the  muzzle  a  new  one  is  in- 
troduced, parallel  to  the  vertical  plane  through  the  axis  of  the  bore  and 
distant  from  it  2.5  inches. 


FABRICATION  OF  THE  GUN. 


The  work  of  conversion  was  performed  at  the  South  Boston  foundry. 
The  gun  selected  for  the  conversion  was  10-inch  Rodman  gun  No.  73, 
manufactured  at  the  Scott  foundry,  fieading.  Pa.,  in  the  year  1864. 

The  tube  and  muzzle  collar  were  manufactured  at  the  West  Point 
foundry  of  Ulster  "tube-iron"  by  processes  identical  with  those  hereto- 
fore described,  except  that  before  the  breech -cup  was  screwed  into  the 
base  the  tube  was  chambered.  The  operations  of  boring  the  casing, 
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liirinii*;'  the  tube,  littiiii;,  iiisortioii  of  the  tube,  were  similar  to  those 
eini)h)ye(l  in  the  couvorsiou  of  8-inch  muzzle-loading  rifle  No.  1  (B.  I.) 
abo\  e  referred  to. 

INSPECTION. 

The  workmanship  and  finish  of  the  gun  were  good  in  every  respect. 

Prinoipal  dlmentsions. 

Total  length  of  comploto  tube  (finishod)  inches   137.43 

Total  Icnj^th  of  boro  of  casing  do   130.  05 

Length  of  jacket  (finished)  do   CO.  47 

Diameter  of  finished  tube  from  end  of  screw  thread  to  first  shoulder,  do   14.  5 

Diameter  of  tinished  boro  of  casing  from  end  of  screw  thread  to  first 

shoulder  inches   14.  502 

Corresponding  ])lay  do   .002 

Diameter  of  linished  tube  from  first  shoulder  to  second  shoulder. do   11.  490 

Diameter  of  finished  bore  of  casing  from  first  shoulder  to  second  shoul- 
der  inches   11.  504 

Corresponding  play  -   do  014 

Diameter  of  tinished  tube  from  second  shoulder  to  neck  do   10.  647 

Diameter  of  finished  bore  of  casing  from  second  shoulder  to  neck  .do   10.  (557 

Corresponding  play  do  010 

Length  of  screw  on  jacket  do   14.  20 

Pitch  of  screw  thread  on  jacket  do   2.  54 

Diameter  of  jacket  across  threads  do   15.  30 

Corresponding  diameter  of  casing  do   15.  31 

Length  of  neck  of  tube  under  muzzle  collar  do   5 

Length  of  muzzle  colliir  do   5 

Length  of  recess  in  casing^  do   5.  65 

Length  of  screw  on  muzzle  collar  do   3. 15 

Length  of  screw  on  recess  of  casing  do   3.  275 

Excess  in  length  of  screw  on  collar  over  that  on  recess  do   .  125 

Diameter  of  tube  over  neck  do   9.  736 

Interior  diameter  of  muzzle  collar  do   9.  746 

Corresponding  play  do  010 

Diameter  of  muzzle  collar  across  threads  do   11.  741 

Diameter  of  recess  on  casing  do   11.  762 

Play  between  collar  and  casing  ,.  do  021 

Thickness  of  collar  do   1.  003 

Pitch  of  thread  on  collar  do   0.5 

Length  of  bore  (including  chamber)  do   116.  93 

Length  of  rifling  do   89. 24 

Diameter  of  bore  across  lands  do . .  7. 994  to  7.  997 

Width  of  grooves  do  #  0.  83776 

Width  of  lands  do   0.  83776 

Depth  of  grooves  ,.  do   0.  073 

Pitch  of  rifling,  1  turn  in  do   480 

Diameter  of  vent  do   0. 20 

Diameter  of  vent  bushing  do   1 

Axis  of  vent  from  bottom  of  bore  do   3.  50 

Axis  of  vent  from  vertical  plane  through  axis  of  bore  do   2.  50 

Length  of  securing  pin  do   6.  20 

Diameter  of  securing  pin  do....   1.50 

Distance  of  securing  pin  from  muzzle  do   60 

Weight  of  gun   pounds   16, 065 

4  ORD 
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Table  No.  1. — Relative  diameters  of  bore  of  cast-iron  lody  of  10-inch  gun  and  wrought- 
iron  tube  for  insertion  therein  at  d'^erent points  of  the  cylindrical  length. 


Inches  from  face  of 
muzzle. 


Inches. 
10.  657 
10.  656 
10.  657 
10.  6.57 
10.  657 
10.  657 
10.  657 
10.  657 
10.  657 
10.  657 
10.  657 
10.  657 
10.  657 
10.  657 
10.  6.57 
10.  6.57 
10.  657 
10.  6.57 
10.  650 
10.  656 
10.  656 
10.  657 
10.  657 
10.  657 
10.  057 
10.  6.57 
10.  0.57 
10. 1.57 
10.  6.57 
10.  656 
10.  656 

10.  056 

11.  503 
11.  .503 
11.  504 
11.  504 
11.  504 
11.  .504 
11.  504 
11.  504 
14.  501 


Inches. 
10.  647 
10.  647 
10.  647 
10.  647 
10.  647 
10.  647 
10.  647 
10.  647 
10.  647 
10.  647 
10.  047 
10.  647 
10.  647 
10.  647 
10.  647 
10.  647 
10.  647 
10.  047 
10.  647 
10.  047 
10.  647 
10.  047 
10.  647 
10.647 
10.  647 
10.  648 
10,  048 
10.  648 
10.  048 
10.  048 
10.  048 

10.  648 

11.  488 
11.  488 
11.490 
11.  490 
11.  490 
11.490 
11.  490 
11.  490 
14.  999 


Inch. 

0.  010 
.009 
.010 
.010 
.010 
.010 
.010 
.010 
.010 
.010 
.010 
.010 
.010 
.010 
.010 
.010 
.010 
.010 
.000 
.009 
.009 
.010 
.  010 
.010 
.010 
.009 
.009 
.009 
.009 
.WJ8 
.008 
.  008 
.  015 
.015 
.014 
.014 
.014 
.014 
.014 
.014 
.002 


Inches  from  face  of 
muzzle. 


81. 
82, 
83. 
84 
85 
86 
87, 
88 
89 
90 
91 
92 
93 
94 
95 
96 
97 
98 
99 
100 
101, 
102. 
103, 
104 
105 
100 
107 
108 
109 
110 
111 
112 
113 
114 
115 
110 
117 
118 
119 
120 
121 


Inches. 
14.  501 
14.  501 
14.  502 
14.  502 
14.  502 
14.  501 
14.  501 
14.  501 
14.  501 
14.  501 
14.  501 
14.  501 
14.  502 
14.  501 
14.  501 
14.  501 
14.  502 
14.  501 
14.  501 
14.  501 
14.501 
14.  501 
14.  .501 
14.  .501 
14.  .501 
14.  501 
14.  502 
14.  502 
14.  502 
14.  .502 
14.  501 
14.  501 
14.  .502 
14.  501 
14.  501 
14.  501 
14.  501 
14.  501 
14.  .501 
14.  501 
14.  501 


0!« 

•Co 


Inches. 
14.  999 
14.  999 
14.  999 
14.  999 
14.  999 
14.  999 
14.  999 
14.  999 
14.  999 
14.  999 
14.  999 
14.  999 
14.  500 
14.  .500 
14.  500 
14.  500 
14.  .500 
14.  500 
14.  500 
14.  500 
14.  500 
14.  500 
14.  500 
14.  500 
14.  500 
14.  500 
14.  500 
14.  500 
14.  500 
14.  500 
14.  .500 
14.  500 
14.  500 
14.  500 
14.  500 
14.  500 
14.  500 
14.  500 
14.  500 
14.  500 
14.  500 
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APPENDIX  Se. 
EXPERIMENTAL  CANNON  POWDERS. 
PROGRESS  REPORT. 

Progressive  powder. — This  powder,  made  in  imitation  of  tlie  Fossano 
projjfressive  powder,  was  described  in  the  progress  report  published  in 
the  Report  of  the  Chief  of  Ordnance  for  last  year. 

Lot "  I.  E.,"  of  density  1.75G  and  granulation  17  to  the  pound,  the  grains 
being  approximativel^^  one-inch  cubes,  was  tested  in  June,  1880,  in  the 
10-inch  rifle.  The  results  obtained  were  not  deemed  satisfactory.  The 
powder  makers,  indeed,  expressed  a  doubt  as  to  the  satisfactory  behavior 
of  this  powder,  since,  being  for  them  a  novel  mode  of  manufacture,  con- 
siderable difficulty  was  experienced  in  obtaining  a  uniform  mixture  of 
the  grains  and  the  mealed  powder,  and  in  giving  to  the  resulting  mass 
ithe  required  mean  density.  They  would  probably  meet  with  better  suc- 
cess in  a  second  trial.  The  results  obtained  with  the  largest  charges 
employed  were  as  follows: 

Progressive  jjoivder. 


Gun. 

Weight  of 
charge. 

Weight  of 
shot. 

Velocity. 

Pressure. 

Pounds. 
70 
80 

Pounds. 
398 
398 

Feet. 
1,  272 
1,337 

Pounds. 
30, 000 
53,  000 

Do  

The  results  obtained  with  like  charges  of  Du  Pout's  hexagonal  powder, 
of  density  1.785  and  granulation  07,  I  here  insert  for  comx)arison: 

Hexagonal  (F.  F.  JD.)  powder. 

Gnn. 

Weight  of 
charge. 

Weight  of 
shot. 

Velocity. 

Pressure. 

Pounds. 
70 
80 

Pounds. 
400 
400 

Feet. 
1,  381 
1,445 

Pounds. 

22,  600 

23,  500 

Do  

Hexagonal  powder. — Lot  ''I.  J.":  density.  1.78;  granulation,  30  to  the 
pound.  This  powder  was  manufactured  in  1880  for  the  heavier  calibers, 
as  the  11  and  12  inch  rifles.  So  far  only  two  light  charges  have  been 
fired,  and  these  from  the  12.25-inch  rifle. 

Sphero-hexagonal  po^vder. — This  powder,  of  density  1.728,  and  granula- 
tion 123  to  the  pound,  described  in  the  y)rogress  re})ort  of  last  year,  and 
employed  witli  the  3.17-iiicls  chambered  rifle  has  since  been  tested  in 
the  4.5-iuch  service  siege  gun.    The  results  obtained  were  very  supeiior 
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to  those  obtaiDed  with  the  "H.  D.,  No.  4,"  of  irregular  grauulation,  as 
will  appear  from  the  following  table : 


Kind  of  powder. 

Gun. 

Weight  of 
charge. 

Weight  of 
shot.  j 

Telocity. 

Pressure. 

H.  D.  Ko.  4.    D  -  1.776;  Gr.  =  3,038  

Sphero-hexagonal  (I.  B.)  D  —1.728;  Gr.  —  123  

Do  

4". 5  siege  rifle. 
Do. 

Lbs. 
7 
7 
8 

Lbs. 
35 
•  35 

35 

Ft. 
1,411 
1,  424 
1,530 

Lbs. 
31,  000 
21,  500 
26, 166 



This  powder  was  deemed  so  satisfactory,  that  it  was  adopted  as 
standard  for  the  4.5-inch  rifle ;  and,  under  authority  from  the  Chief  of 
Ordnance,  the  Constructor  of  Ordnance  was  authorized  to  purchase  a 
quantity  for  employment  with  that  gun,  part  of  which  was  sent  to  the 
Military  Academy  at  West  Point,  and  part  to  the  Artillery  School  at 
Fort  Monroe,  for  use  in  target  practice. 

The  following  results  were  obtained  in  the  proof  of  this  new  lot : 


Gun. 

Kind  of  powder. 

Weight  of 
charge. 

Weight  of 
shot. 

Telocity. 

Pressure. 

Lbs. 

Lbs. 

Feet. 

Lbs. 

35 

1,  476 

27,  500 

35 

1,539 

30,  000 

4". 5  siege  rifle  

Sphero-hexagonal  (LB.  B.).  D- 1.728;  Gr.=123. 

(  1,  575 

31,  000 

35 

<  1,  567 

28,  000 

(  1,  583 

34,  000 

The  first  set  of  results  was  obtained  with  sphero-hexagonal  powder 
which  had  been  on  hand  for  about  one  year. 

Field-gim poicders,  S.5-mch  muzzle-loading  rifle. — The  I.  A.  powder,  den- 
sity 1.75  and  granulation  2200,  irregular  grains,  tested  in  the  3-iuch 
breech-loading  rifle,  and  described  in  last  year's  report,  was  thought  to 
be  rather  slow  burning  for  that  piece  5  a  trial  of  it  was  therefore  made 
in  the  3.5  inch  rifle.  The  length  of  this  gun  is  only  18.5  calibers,  and 
being  heaTy  and  Tcry  strong,  a  pressure  eTen  of  50,000  pounds  should 
not  be  deemed  objectionable  if  accompanied  by  a  good  Telocity. 

Owing  to  some  Tariations  in  the  size  of  the  cartridge  bags,  purposely 
introduced,  but  which  greatly  affected  the  Telocity  and  pressure,  the 
results  obtained  were  Tarious  j  the  general  behaTior,  howeTer,  of  the 
powder  was  fair,  as  will  appear  from  the  following  extract  from  the 
firing-record : 


Gun. 

Powder. 

Diameter  of  car- 
tridge. 

Weight  of  shot. 

Telocity  at  75 
feet  from  muz- 
zle. 

Pressure. 

Kind. 

Weight. 

3.5-inch  steel-bronze  rifle. 

LA.  D.  =1.7:0 ;  Gr.  =2.200. 

Lbs.  Ozs. 

r  3  i  

1  3  8 
13  8 

'  \  

In. 
3.  42 

3. 10 

Lbs. 
16 
16 
16 
16 

Ozs. 
8 
8 
8 
8 

Feet. 
1,359 
1,  453 
1,303 
1,  401 

Lbs. 
36,  250 
50,  000 
20,  2.50 
29,  500 
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"  :\.\^-inch  breech  loading  chambered  rifle. — The  Messrs.  J)u  Pont  were 
instructed  to  iiiJiniitUt'tiire  a  sami)le  ot*  powder  for  trial  with  this  f^mi, 
keei)iiij»- the  fira nidation  the  same  as  in  tlie  T.  A.  powder,  viz,  2,200  to 
the  pound,  but  h)werinj;'  the  density  to  1.725.  This  powder  was  tested 
in  jVfay,  1880,  witli  tlie  following  results : 


I)  an. 

Powder. 

of  pro- 
ile. 

at  ^'.^ 
m  muz 

inch^of 

Kind. 

Wei 

ght. 

1  Velocitv 
1    feet  fio 
1  zle. 

3. 18-inch  breech-loading  cham- 
bered rifle. 

I.  K.   D=1.72.5;  Gr.  =2,200,  irreg- 
ular granulation. 

Lba. 

(  2 
2 
2 
2 

<!  2 
1  2 
2 

1  2 
I  3 

0Z8. 

8 
8 
8 
8 

Lba. 
12 
12 
12 
12 
12 
12 
12 
12 
12 

Feet. 
1,  221 
1,208 
1, 198 
1, 193 
],3G3 
1,354 
1,  377 
1,371 
1,518 

Lbs. 

18,  000 
16,  000 
16,  000 
15,  000 
24,  000 
23,  500 
26,  000 
26,  500 

The  capacity  of  the  chamber  was  not  sufficient  to  admit  of  tlie  use  of 
the  pressure-gauge  with  a  charge  of  3  pounds,  and  the  pressure  was 
not  ascertained  with  that  weight  of  charge.  For  testing  powder  in  this 
gun,  it  is  proposed  to  fit  a  pressure-gauge  into  the  face  of  the  breech- 
block. The  I.  A.  powder,  density  1.75  and  granulation  2,200,  tested  in 
this  same  gun,  gave  with  a  charge  of  3  pounds  and  a  projectile  of  12 
pounds,  a  velocity  of  1,4G8  feet,  at  93  feet  from  the  muzzle  of  the  gun  ; 
which  shows  a  gain  of  nearly  50  feet  for  the  I.  K.  powder. 

Ii^OTE. — The  anomalous  results  obtained  from  the  8-inch  ritle  with 
the  samples  of  H.  B.  and  H.  C.  of  sphero-hexagonal  powder,  referred  to 
in  the  Progress  Eeport  on  Experimental  Powders  last  year  (Eeport  of 
Chief  of  Ordnance  1879,  page  8),  were  due,  as  it  has  since  been  ascer- 
tained, to  a  departure  from  the  standard  proportions  of  ingredients  in 
the  manufacture  of  these  samples  ;  more  niter  being  employed  than  is 
prescribed  for  the  service  powder,  or  was  employed  in  the  manufacture 
of  the  sample  H.  A.  sphero-hexagonal  powder. 

CHAS.  S.  SMITH, 
Captai7i  of  Ordnance. 
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TESTS  OF  BAR  IRON  USED  IN  THE  FABKICATON  OF  WROUGHT-IRON 
TUBES  FOR  CONVERTED  RIFLES. 

In  the  construction  of  the  first  8-inch  converted  rifles  the  wrougi)t- 
iron  tubes  were  made  in  England  and  the  tests  to  which  the  bar  iron 
used  was  subjected  were  those  usual  at  the  works  of  Sir  William  Arm- 
strong, where  the  tubes  were  made.  The  specimens,  taken  with  the 
fiber,  were  2  inches  in  length  between  shoulders,  and  about  0.580  inch 
in  diameter. 

The  results  obtained  from  numerous  specimens  were  approximately 
as  follows : 

Tensile  strcugtli  per  square  iucb   50,  000 

Elastic  limit  per  square  incli   25,  000' 

Extension  perincli  at  rupture,  0"  .30. 

When  the  fabrication  of  the  tubes  was  first  undertaken  by  the  West 
Point  foundry,  it  was  prescribed  in  the  contract  that  the  bar  iron 
should  equal  in  all  respects  that  used  in  the  imported  tubes ;  conse- 
quently it. must  have  the  same  welding  and  physical  properties,  and  be 
equally  free  from  excess  of  cinder.  The  Ulster  Iron  Works  undertook 
to  furnish  the  West  Point  foundry  with  such  bar  iron,  and,  by  dint 
of  perseverance  and  the  utmost  care,  have  up  to  the  present  time  pro- 
duced a  material  of  remarkable  uniformity,  which  in  all  respects  com- 
pares favorably  with,  and  in  some  respects  certainly  surpasses,  the  En- 
glish iron  it  at  first  aimed  only  to  imitate. 

In  the  report  of  the  Chief  of  Ordnance  for  1877  Oapt.  0.  S.  Smith  de- 
scribes the  mode  of  manufacture  of  the  iron  and  gives  comi^arisons  be- 
tween it  and  the  English  iron  as  regards  physical  and  chemical  proper- 
ties. 

The  standard  at  first  established  has  been  closely  adhered  to  since : 
though  in  1877  the  length  of  specimens  between  shoulders  was  increased 
from  2  to  3  inches  to  adapt  them  to  the  device  then  adopted  for  meas- 
uring extensions  and  restorations.  The  method  of  proceeding  has  been 
as  follows : 

On  receipt  of  the  first  lot  of  iron,  two  specimens  are  taken  from  sam- 
I)le  bars  of  each  size  of  the  two  grades  of  iron  used.*  These  specimens 
are  tested  in  the  machine  at  the  ordnance  agency,  not  only  for  tensile 
strength,  elasticity,  and  ultimate  extension,  but  for  gradual  extensions, 
restorations,  and  permanent  set ;  and  if  the  iron  prove  satisfactory  it 
is  accepted,  and  the  founders  authorized  to  proceed  with  the  work. 

As  subsequent  lots  arrive  similar  specimens  are  taken  of  each  size  of 
the  two  grades  of  iron  as  before,  and  tested  in  the  machine  at  the  foun- 
dry for  tensile  strength  and  ultimate  extension.  The  following  sum- 
mary of  the  tests  to  which  this  iron  has  been  subjected  since  January 

*  The  two  grades,  denominated  A  and  B,  are  used,  respectively,  for  inner  and  outer 
tubes;  their  properties  are  almost  identical,  but  the  former,  from  additional  working, 
contains  less  duller. 
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1871^,  shows  the 
jnanutacture: 


(legrco  of  uiilforinity  which  liMS  been  attained  in  its 


Size  of  bar. 


'  3»iuare  , 
'  square  . 
'  aquaro . 
by  3". 35. 
by  3". 35 . 
'  square . 
'  S(iuaTO  . 
square . . 
by  3". 35  . 
'  square  . 
' square . 
' square . 
' square  . 
'  square . 
'  square  . 
by3".35  . 
by  3".35  . 
by  3".35  . 
by  3". 35  . 
'  square . 
'  square . 
'  square . 
'  square  . 
by  3".35  . 
by  3". 35  . 
'  S(iuare  . 
' square . 
' square . 
'  squaie  . 
by  3".35. 
'  square . 
'  square  . 
by  3".35  . 
by3".35. 
'  square . 
square . . 
'  square . 
'  square . 
'  square . 
'  square  . 


Whore  tested. 


Ordnance  agency 

,  do  

 do  

W.  P.  F  

 do  

 do  


Ordnance  agency 

 do  

W.V.F  

 do  

 do  

Ordnance  agency 

 do   

 do  

 do  


do 


W.  P.  F  

 do   ... 

 do  

 do  

 do  

 do  

Ordnance  agency 
 do  


 do 

 do 

 do 

 do 

 do 

 do 

 do 

 do 

 do 

 do 

 do 

 do 

 do 


SpcciineiiH. 


Inch. 
0.  564 
0.564 
0.  564 
0.  564 
0.  564 
0.  564 
0.  564 
0.  564 
0.564 
0.  564 
0.  564 
0.  564 
0.  564 
0.  564 
0.  564 
0.  564 
0.  564 
0.  564 
0.  564 
0.  564 
0.  S64 
0.  564 
0.  564 
0.  564 
0.  564 
0.  564 
0.  564 
0.  564 
0.  564 
0.  564 
0.  564 
0.  564 
0.  564 
0.564 


Inches. 
3.  00 
3.  00 
3.  00 
2.  00 

2.  00 

3.  00 
3.  00 
3.  00 
3.  00 
3.  00 
3.  00 
?.  00 
3.  00 
3.  00 
3.  00 
3.  00 
3.  00 
3.  00 
3.  00 
3.  00 
3.  00 
3.  00 
3.  00 
3.  00 
3.  00 
3.  00 
3.  00 
3.  00 
3.  00 
3.00 
3.  00 
3.  00 
3.  00 
3.00 
3.  00 
3.00 
3.  00 
3.  00 
3.  00 
3.  00 


49,  850 
47,  500 

46,  500 

47,  552 

47,  304 

50,  493 

49,  000 

48,  000 

50,  624 

50,  420 

51,  220 

49,  000 
49,  000 
48,  377 

48,  .500 
4.5,  600 
44,  500 

49,  500 

49,  500 

50,  626 
48,  236 

51,  220 
51,  948 
51,  040 
51,  757 
48,  000 
48,  000 
51,  000 
50,  000 

48,  000 

49,  000 

49,  000 

48,  000 

50,  000 

49,  000 

49,  000 

50,  000 
49,  000 

51,  000 
53, 000 


2.5,  000 
28,  000 
25,  000 


2.5,  000 
24,  000 


29,  000 

30,  000 
27,  015 
26,  000 
23,  000 
22,  000 
21,  000 
25,  000 


23,  000 

26,  000 
2.5,  000 

27,  000 
25,  000 
27,  000 
27,  000 

25,  000 

26,  000 
23, 000 

25,  000 

26,  000 
23,  000 

26,  000 

27,  000 


a 


Inch. 
0.  291 
0.  3106 
0.  2833 
0.31 
0.  29 
0.  274 
0.  301 
0.  285 
0.  267 
0.  28 
0.  232 
0.  3127 
0.  3097 
0.  2713 
0.  299 
0.  174 
0.  266 
0.  296 
0.  268 
0.  327 
0.  22 
0.  232 
0.  283 
0.  290 
0.  270 
0.  293 
0.  289 
0.  320 
0.  303 
0.  287 
0.  309 
0.  299 
0.  289 
0.  245 
0.  309 
0.  306 
0.  316 
0.  277 
0.  284 
0.  287 


Specinens  28  to  40,  inclusive,  were  taken  from  bars  now  being  used  under  present  contracts. 


In  order  to  determiae  to  what  extent  these  tests  of  specimens  indicate 
the  true  physical  properties  of  the  bar-iron  itself,  two  bars  of  tube  iron 
were  obtained  last  January  from  the  Ulster  Iron  Works  for  the  purpose 
of  having  them  broken  in  the  machine  at  Watertown  Arsenal. 

These  bars  of  A  and  B  quality  respectively,  were  2.5  inches  square  in 
cross  section  and  67  inches  long.  From  the  ends  of  each  were  taken 
the  usual  specimens,  which  were  tested  at  the  Ordnance  Agency,  while 
the  remainder  of  the  bars  were  sent  to  Watertown  Arsenal. 
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The  following  are  the  results  obtained: 


Subject  of  measurement. 


A  Iron. 

Length  between  shoulders  inches . . 

Cross  section   do  

Area  square  inches. . 

Tensile  strength  per  square  inch  pounds. . 

Elastic  limit  per  square  inch   do  

Extension  per  inch  at  rupture  inches. . 

B  Iron. 

Length  between  shoulders   inches . . 

Cross  section  do  

Area  square  inches. . 

Tensile  strength  per  square  inch  pounds. . 

Elastic  limit  per  square  inch  do  

Extension  per  inch  at  rupture  inches. . 


Watertown  L 
Arsenal.     agency*  mean 
of  the  results. 


21.  876 
2.5  X  2.13 

5.  325 
51.  940 
20.  000 

0.  273 


21.  68 
2.55x2.13 
5.  4315 
56.  760 


0.  2477 


3.  00 
0.  570 
0.  2547 
49.  000 
29.  500 
0,  3112 


3.  OO 
0.  SeO' 
0.  2552 
48.  000 
24.  500 
0.  2910 


*  Specimens  12,  13,  26,  and  27  preceding  page. 

It  was  expected  that  in  spite  of  the  greater  length  between  shoulders 
the  iron  in  the  bar  might  exhibit  a  somewhat  greater  tensile  strength 
per  square  inch  than  would  be  shown  in  the  specimens,  from  the  fact 
that  on  two  sides  of  the  bar  the  skin  was  not  removed.  The  difference 
between  the  extensions  in  the  two  cases  is  also  no  greater  than  was 
expected  from  the  difference  in  lengths.  But  there  are  three  features 
shown  in  the  above  table  which  are  inconsistent  with  the  results  which 
were  anticipated. 

1st.  The  elastic  limit  in  the  case  of  the  A  iron  is  very  much  lower  in 
the  bar  than  in  the  specimens. 

2d.  The  two  exx)eriments  disagree  as  to  the  comparative  strength  of 
the  two  grades  of  iron. 

3d.  The  difference  in  strength  between  the  B  iron  in  the  bar  and  in  the 
specimens,  is  much  greater  than  the  corresponding  difference  in  the  case 
of  the  A  iron. 

As  regards  the  first  of  these  : 

The  first  permanent  set  of  the  A  iron,  as  determined  at  Watertown 
Arsenal,  is  O'^OOl,  which  becomes  0^^00012  when  reduced  to  the  length 
of  the  specimens  (3".00).  So  slight  a  change  could  not  be  read  with  the 
vernier  used  on  the  machine  at  the  Ordnance  Agency  during  these 
experiments  as  its  least  reading  is  only  0^^001. 

The  permanent  set  commenced  to  increase  rapidly  after  27,000  pounds 
to  the  square  inch,  and  with  the  specimens  immediately  after  passing 
the  recorded  elastic  limit  (29,000  pounds  to  the  square  inch). 

It  is  probable,  therefore,  that  the  elastic  limit  as  determined  for  the 
specimens  by  the  machine  at  the  Ordnance  Agency  is  considerably  too 
high,  which  would  at  least  moderate  the  dissimilarity  as  regards  this 
property  between  the  iron  in  the  bar  and  in  the  specimens. 

As  regards  the  two  other  discrepancies  mentioned,  in  all  probability 
they  are  explained  by  the  fact  noted  in  Colonel  Laidley's  report  of  the 
experiments  at  Watertown  Arsenal  j  at  268,600  pounds  the  packing 
of  pump  gave  way  when  the  strain  was  taken  off'  and  specimen  stood 
twenty  hours. 

It  seems,  therefore,  that  the  specimens  ordinarily  tested  before  accept- 
ing tube  iron  for  use  in  gun  constructions,  fairly  represent  the  bars  from 
which  thev  are  taken. 

0.  W.  WHIPPLE, 
Lieutenant  of  Ordnance. 
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ORDNANCE. 


The  term  ordnance  includes  cannon  of  all  kinds  fired  from  carriages^ 
slides,  beds,  tripods,  &c. 

Classification :  Cannon  are  classified  according  to  their  nature,  as 
guns,  hoicitzers,  mortars,  and  machine-guns,  and  according  to  their  uses, 
as  field,  mountain,  siege,  and  sea-coast. 

Guns  are  further  classified  as  to  their  construction,  as  smooth-bore  and 
rifie;  as  muzzle-loading  and  breech-loading ;  and  as  cast  and  built  up 
cannon. 

All  ordnance  for  land  service  is  made  by  private  contractors,  under 
the  direction  of  officers  of  the  Ordnance  Department. 
The  kinds  and  calibers,  standard,  are  as  follows: 

Field  ffiins : 

Model. 

3-incli  (rided)  wrought  iron   1861 

3.5-iuch  (rifled)  wrought  iron   1868 

4.62-inch  (smooth-bore)  bronze   1857 

1.45-inch  (rifled)  steel  Hotchkiss  revolving  gun. 
1.65-inch  (rifled)  steel  Ilotchki.ss. 

I-  inch  Gatling  guns. 
0.5-inch  Gatling  guns. 
0.45-inch  GatHng  guns. 

Siege,  garrison,  and  sea-coast  guns: 

4.5-inch  rifled,  muzzle-loading,  cast  iron   1861 

8-inch  rifled,  muzzle-loading,  cast  iron,  converted  ^ 

10-inch  rifled,  muzzle-loading,  cast  iron,  converted  [  1871 

II-  inch  rifled,  muzzle-loading,  cast  iron,  converted   f  to 

12-inch  rifled,  muzzle-loading,  cast  iron,  lined  with  wrought-iron  tube..  I  1874 

8-inch  rifled,  breech-loading,  cast  iron,  converted  J 

iO-iuch  smooth-bore  cast-iron   1861 

15-incli  smooth-bore,  cast-iron  | 

20-inch  smooth-bore,  cast-iron   1861 

Howitzers : 

Mountain,  4.62-inch  smooth-bore,  bronze   1861 

Siege  and  garrison,  8-incli  smooth-bore,  cast-iron   1861 

Mortars : 

Siege,  8-incli  smooth-bore,  cast  iron  1861 

Sea-coast  10-inch  smooth-bore,  cast  iron  1861 

Sea-coast  13-inch  smooth-bore,  cast  iron  1861 

Coehom  5.62-inch  smooth-bore,  bronze  1841 

Eifled  howitzers  and  mortars,  and  guns  with  chambers  for  large 
charges,  are  now  under  consideration. 

Eified  breech-loading  field  guns  are  also  now  under  trial. 

For  the  present,  until  superior  armament  can  be  provided,  guns  of 
obsolete  patterns  and  kinds  are  retained  in  service.    (See  tables.) 

Standard  guns,  howitzers,  and  mortars  take  their  denomination  from 
the  caliber  in  inches. 

DEFINITIONS. 


Cascahel. ^The  knob  on  the  end  of  the  breech  of  a  gun  it  is  com- 
posed of  the  Icnob  and  the  neck  sometimes  the  fillet. 

Breech. — The  mass  of  solid  metal  behind  the  bottom  of  the  bore. 

Base  of  the  breech. — The  rear  surface  of  the  breech. 

Base-line — A  line  traced  around  the  gun  in  rear  of  the  vent. 

Base-ring. — A  projecting  band  of  metal  adjoining  the  base  of  the 
breech  and  connected  with  the  body  of  the  gun  by  a  concave  molding, 
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Reinforce. — The  thickest  part  of  the  body  of  the  gun  in  front  of  the 
base-ring  or  line;  if  there  is  more  than  one  reinforce,  that  which  is  next 
to  the  base  ring  is  called  the  first  reinforce^  the  other  the  second  rein- 
force. 

Chase. — The  conical  part  of  the  gun  in  front  of  the  reinforce. 

Astragal  a.in{  fillets. — The  molding  at  the  front  end  of  the  chase. 

Chase-ring. — A  band  at  the  front  end  of  the  chase. 

N'ecJc. — The  smallest  part  of  the  piece  in  front  of  the  chase. 

Sicell  of  the  muzzle. — The  largest  part  of  the  gun  in  front  of  the  neck. 

Muzzle-band. — A  band  which  takes  the  i^lace  of  the  swell  of  the  muz- 
zle in  some  guns. 

Face  of  the  piece. — The  plane  terminating  the  gun  at  the  muzzle. 

Trunnions. — Two  cylinders  near  the  center  of  gravity  of  the  gun,  by 
which  it  is  supported  on  its  carriage.  The  axis  of  the  trunnions  are  per- 
pendicular to  the  axis  of  the  bore,  and  in  the  same  plane  with  that  axis. 

Rimbase. — The  shoulder  at  the  base  of  the  trunnion. 

Bore. — All  the  part  bored  out. 

Chamber. — The  part  of  the  bore,  joining  and  terminating  the  cylindri- 
cal part.    In  breech-loading  guns,  the  seat  of  the  charge  and  projectile. 

Corner  chamber. — A  conical  chamber  which  is  joined  to  the  cylinder 
of  the  bore  by  a  portion  of  a  spherical  surface. 

True  ivindage. — The  difference  between  the  true  diameter  of  the  bore 
and  the  largest  diameter  of  the  projectile. 

Natural  line  of  sight. — A  line  drawn  in  a  vertical  plane  through  the 
axis  of  the  piece,  from  the  highest  point  of  the  maximum  diameter  to 
the  highest  point  of  the  muzzle,  or  to  the  top  of  the  sight,  if  there  be 
one. 

Natural  angle  of  sight. — The  angle  which  the  naturalline  of  sight  makes 
with  the  axis  of  the  piece. 

Dispart. — The  difference  of  the  semi-diameters  of  the  maximum  diam- 
eter and  the  muzzle.  It  is  therefore  the  tangent  of  the  natural  angle  of 
sight  to  a  radius  equal  to  the  distance  from  the  maximum  diameter  to 
the  highest  point  of  the  muzzle. 

Preponderance. — The  excess  of  w^eight  of  the  part  in  rear  of  the  trun- 
nions over  that  in  front ;  it  is  measured  by  the  weight  which  the  breech 
bears  on  a  balance,  the  point  of  support  resting  at  the  base-line  or  at 
the  bottom  of  the  ratchet,  the  gun  being  susi)ended  freely  on  the  axis  of 
the  trunnions. 

Ear. — A  lug  of  metal  cast  on  some  mortars ;  it  is  attached  to  a  clevis 
by  a  bolt  and  constitutes  a  handle. 

NOMENCLATURE. 

(Guns  of  the  model  of  1801  and  1874.) 

Parts. — The  bore:  a  cylinder  terminated  by  a  semi-ellipsoid^  the 
chamfer. 

The  breech  :  the  cascabel,  the  Mob,  the  nech 

The  body  of  the  gun:  the  reinforce^  the  chase,  the  muzzle,  the  face,  the 
trunnions,  the  rimbases. 

For  rifled  guns :  vent-piece,  wrought-copper,  screwed  in. 

Rodman  guns. — Add  to  the  above  the  ratchet;  the  sight-piece. 

Mortars. — Omit  the  cascabel,  the  Mob,  the  neclc.  and  add  the  ratchet. 
For  the  sea-coast  mortars  add  the  ear. 

Guns  and  mortars  have  their  vents  in  planes  parallel  to  the  plane 
through  the  axis  of  the  bore  and  perpendicular  to  the  axis  of  the  trun- 
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nions.  The  vents  are  at  riglit  aii^»ies  to  tlie  elements  of  tlic  eylindcr 
of  the  bore;  the  one  on  the  ri^ht  of  the  axis  is  not  bored  entirely 
throuj;h  to  the  bore  by  one  ineh.  The  vent  of  the  siege  and  field  pieces 
is  at  right  angles  to  tlie  axis,  and  in  the  vertical  plane  passing  through  it. 

For  converted  guns. — The  bore  is  a  cylinder,  terminated  by  a  frustum 
of  cone. 

Trunnion-rings^  made  eccentric,  are  placed  on  the  trunnions  to  com- 
pensate for  the  muzzle  prei)onderance  occasioned  by  lining  the  casing 
and  reducing  the  diameter  of  the  bore. 

BuEEcn-LOADiNG  GUNS. — The  bore  is  a  cylinder  terminated  by  a 
chamber  for  the  charge  and  projectile.  In  all  rifled  guns,  the  rifling 
terminates  gradually  at  the  seat  of  the  charge,  and  in  breech-loading 
guns  in  front  of  the  bearing  part  of  the  i)rojectile. 
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Table  I. — Principal  dimensions  and  weights  of  standard  ord- 


Nature  of  ordnance. 


SEA-COAST  PIECES. 

Omis. 

12-incli  rifle  (model  1874) 


12-inch  rifle  (model  1870) 
10-inch  rifle  


8-iiich  rifle  (converted)  

20-inch  smooth  bore  

15-inch  smooth  bore  (model 
1874). 

15-inch  smooth  bore  (model 
1861). 

13-inch  smooth  bore  


Mortars. 


15-inch  smooth  bore. 
13-inch  smooth  bore. 


SIEGE  PIECES. 

Guns. 

4.5-inch,  rifled  

Uoivitzers. 
8  inch  smooth  bore. .. 
Mortars. 


10-inch  smooth  bore  

8-inch  smooth  bore  

5.82-inch  smooth  bore,  Coe-  i 
horn. 


Cast  i  ron, 

wro'ght-iron 

lined. 

Cast  iron  

Cast  iron , 

"wro'ght-iron 

lined. 

...do  

Cast  iron  

...do  


Cast  iron . 
....do  .... 


Cast  iron. 


Cast  iron. 


Cast  iron . 
...do  .... 
Bronze. .. 


FIELD  PIECES. 


Guns. 


4.62-inch  {12-pounder)  smooth 
bore. 

3.5-inch  rifle  

3-inch  rifle  

1.65-inch  rifle  (breech-loader), 

mountain. 
1.45-inch    cannon  revolver, 

Hotchkiss. 

0.45-inch  Gatling  

0.45-inch  Gatling  (cavalry)... 


HoiHtzers. 


4.62-inch  smooth  bore,  monn- 
tain. 


Bronze. 


Wrought  iron 

 do  

Steel   


...do 


Bronze  


In. 


12 


4.5 


5.  82 


4.  62 


3.5 

3 

1.  65 


1.  457 


0.  45 
0.  45 


4.  62 


Pounds. 
89,  600 


82,  878 
40,  681 


16,  ICO 
115,  200 
70,  778 


38,  500 


33,  675 
17,  250 


3,  450 


300 


2, 600  380 


1,  900 
],050 
164 


1,230 

1, 156 
830 
116.  85 

1,  212.  605 

195.5 


220 


105 


30 


0.  09 


0.  09 
0.  08 


0.  05 
0. 19 
0. 15 

0. 15 

0. 14 


0. 13 
0. 13 


0. 12 


0. 13 
0. 12 
0. 14 


0.  05 
0.  05 
0 


0. 10 


Lengths. 


Inches. 
262.8 


240 
180 


136.  66 

243.5 

215 

190 

177.  61 


75 
56.5 


29.  25 
23.  25 
16.  32 


127.3 


54.5 


72.  55  67.6 

73.84  169.375 

72.65  69.2 
45.  86 


66.  75 


37.21  33.51 


30.  91 


3.  69 
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ntuuse,  UniUd  Slatee  land  service.    Vlates  1,  II,  III,  I V,  V, 


Lengths. 


S  S  I* 
S  £  »- 


Indies. 


15 
8 

9 

9.75 
11.  25 


3.  375 


7.5 


2.  625 
2.  25 


5 

4.5 


o. 

C.  5 
4.5 

4.5 


Distances. 


4.5 


3.  25 
3.  25 
2.5 


3.25 

3.  25 
2.8  . 
1.77 


3s 

SB 

s  z 


Inches. 
218 


200 
149.  34 


110 
195 
177 

155 


4.5  150.19 


121 


50 


66 


66.  25 


2.  25 


'•V  o 

Bt 

•So 

Sad 
o  5  Q 


Inches. 
218 


200 
149.  34 


110 
195 
177 

155 

150. 19 


35 


110 


26  91 


s.2i 
2  a  a 


Inches. 
1G7.6 


149.  72 
115.  96 


87.  76 
152.7 
139.  35 

120.  45 

115.  21 


33.  5 
26 


78.  35 


26.  09 


13 
10 
14.  945 


38.5 

42.684 
41.  415 
27.  39 


16.  56 


2 


Inches. 
95.  2 


90.  28 
64.  04 


48.9 
90.8 
75.  65 

69.55 

62.  40 


41.  5 

30.  5 


48.  95 


Inches. 
55.1 


54.  1 
45. 1 


32.1 
64.2 
51.1 

48.  1 

45.  1 


52.2 
43.4 


41  18 


16.25  i  20.4 
13.25  i  16.4 
0.  755:     7.  5 


29.1 


11.5 


27.69  11.5 
27.  785  9.  5 
13.46  i  4.72 


Diameters. 


Inches. 


15.6 


17.5 


Inches. 
27.  50 


16.2 
34 

24.7 


9.  27 


15 


16.  75 


7.  65 


7.5 


6.7 

6 

2.  55 


5.  82 


6.9 


Inches. 


16 


17.5 


20  12 
16  10 
8.65  I  2.75 


In. 
15 


5.3 


5.  82 


11 

11.2 
9.7 

5.  03 


6.  56 


4.2 

4.2 
3.67 
1.  77 


2.7 
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Table  1.— Principal  dimensions  and  tveights  of  standard  ordnance^ 


Nature  of  ordnance. 

Rifling. 

Twist,  in  feet. 

Number  of  grooves . 

"Width  of  grooves. 

Depth  of  grooves. 

Width  of  lands. 

Radius  of  fillet  at 
bottom. 

Radius  of  bevel  at 
top. 

Leugthof  terminal 
bevels  of  grooves. 

SEA-COAST  riECES. 

Guns. 

70 
80 
50 
40 

21 
21 
17 

15 

Inches. 

0.  8976 

1.  045 
0.  924 
0.  f  377 

Inches. 

0.  09 
0.1 
0.  08 
0.  075 

Inches. 

0.  8976 
0.  75 
0.  924 
0.  8377 

In. 

0.  05 
0.  05 
0.  02 
0.  02 

In. 

0.  02 
0.  02 
0.  01 
0.  01 

In. 

2 
2 

Mortars. 

SIEGE  PIECES. 

Guns. 

15 

9 

0.  97 

0.  075 

0.6 

Howitzers. 

Mortars. 

FIELD  PIECES. 

Guns. 

3.5-inch  rifle  

12 

10 
4.1 
4.1 
1. 16 

7 
7 
10 
6 

1.  07 
0.  84 
0.  362 
0.314 
0. 1413 

0.  075 
0.  075 
0.  012 
0.  019 
0.  010 

0.5 
0.5 
0. 157 
0.  447 
0. 1413 

0.  04 

0.  02 

2 

1.5 

3-inch  rifle  

Soivitzers. 

! 
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United  States  lanii  service — Contiiiucid. 


(Jliamboring. 

Veutiug. 

Length  of  chamber.! 

Diameter  at  top. 

Diameter  at  botton[L 

Material  of  vent 
bush. 

'  Diameter  of  vent 
bush. 

Diameter  of  vent. 

Distance  from  bot- 
tom of  bore. 

Distance  from  ver- 
tical plane  through 
axis  of  bore. 

Length  of  threaded 
Ijortion. 

Pitch  of  thiead. 

Height  of  head. 

1 

Diameter  of  head. 

In. 

In. 

In. 

Copper  

Inches. 

1 
1 
1 
1 
1 
1 
1 
1 

1 

1 

0.  85 

1 

1 
1 
1 

1 
1 
1 

0.  47 

Inches. 

0.2 
.  2 
.2 
.  2 
.  2 

Inches. 

9.5 
4 

3 

3.5 
7.5 

Inches. 

3.0 

3 
2 

2.5 
4 

Inches. 
.'") 

3.75 
3.  75 
3.  75 
3.  75 
3.  75 
3.  75 

Inches. 

0. 125 
0. 125 
0. 125 
0. 125 
0. 125 
0.125 
0.  125 
0. 125 

Inches. 

0.  75 
0.  75 
0.  75 
0.  75 
0.  75 
0.75 
0.  75 
0.  75 

In. 

1.75 
1.  75 
L  75 
1.75 
1.75 
L75 
1.75 
1.  75 

....do  

....do  

....do   

....do   

....do   

0.2 
.  2 

0.2 
.2 

0.2 

0.  2 

0.2 
.2 
^  2 

0.2 
.2 
.  2 

4 

3 

3 
3 

L  75 
o 

2 
1 

.4 

L15 
L5 
1.  25 
0 

3 

.-..do   

Copper  

3.5 

2 

0 
0 

1.5 
1.5 
0 

0 
0 
0 

2.5 

0. 10 

0.62 

L  25 

4.  25 

3 

2 

...  do   

.-..do   

7.  75 

1.  65 

1.  85 

....do   

.-..do  

0.  47 

0.  98 

0.7 

....do   

....do   

Copper  

0.4 

0 

5  CRD 
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Table  II. — Ordnance  and  ammunition 
I  Standard  and 


Nature  of  ordnance. 


SEA-COAST  riECES. 


Guns. 


12-incli  rifle  (model  1874) 
12-incli  rifle  (model  1870) 

10-inch  rifle  

8-inch  rifle  (converted) . . 


10-inch  rifle  (Parrott,  300-pounder)  . 

8-inch  rifle  (Parrott,  200-pounder)  . . 
6.4-iiich  rifle  (Parrott,  100-pouuder) 

7-  inch  rifle  (banded,  42-poimder)  

C.4-inch  rifle  (banded,  32-pounder)  .. 

20-inch  smooth  bore  

15-inch  smooth  bore  (model  1874) . .. 
15-inch  smooth  bore  (model  1861) . . . 

13-inch  smooth  bore  

10-inch  smooth  bore  

8-  inch  smooth  bore  


Mortars. 


15-inch  smooth  bore . 
13-inch  smoothbore. 
10  inch  smooth  bore. 


SIEGE  PIECES. 

Guns. 

4.5  inch  rifle  

4.2-inch  rifle  (Parrott,  30-pounder)  

Howitzers. 

8-inch  smooth  bore  

5.82-iuch  smooth  bore  (flank  defense). 

Mortars. 


10-inch  smooth  bore  

8-inch  smooth  bore  

5.82-inch  smooth  bore,  Coehorn 


FIELD  PIECES. 

Guns. 


3.5-inch  rifle  

3-inch  rifle  .-  

3-inch  rifle  (Parrott,  10-pounder)  

1.65-inch  rifle  (breech-loader)  mountain,  Hotchkiss. 

1.457-inch  cannou  revolver,  Hotchkiss  

4.62-inch  (12-ponnder)  smooth  bore  

1-inch  Gatlinj;  

0.5-inch  Gatlin^;;  

0.45  inch  Gatlinsr    


Howitzers. 

6.4-iuch  smooth  bore  

4.62-inch  smooth  bore  mountain  . 


Material. 


Cast  iron,  wrought-iron  lined 

 do  

 do  

Cast  iron,  with  wrought  iron 
tubes. 

Cast  iron,  with  wrought  iron 
jacket. 

 do  

 do  

Cast  iron  

 do  


.do 
.do 
.do 
-do 
.do 
.do 


Cast  iron 

 do  .. 

 do  .. 


Cast  iron   

Cast  iron,  with  wrought  iron 
jacket. 

Cast  iron  

 do  


Cast  iron 

 do  .. 

Bronze . . . 


Pounds. 
89,  600 
82,  878 
40,  681 
16, 160 

26,  500 

16,  300 
9,  700 


115,  200 


Wrought  iron. 

 do  

('ast  iron  

Steel   

 do  

Bronze  

Steel  

 do  

.....do   


Bronze . 
 do 


38,  500 
15,  059 
8,  490 


33,  675 
17,  250 
7,  300 


3,  450 

4,  200 


2,  600 
1,  476 


1,900 
1,  050 
164 


1,156 

830 

890 

116.  85 
1,  212.  60 
1,  230 
1,  008 

365 

195.5 


1,920 
220 
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of  the  United  Statea  land  aervice. 
rotaiuod  calibors.] 


Inches. 
55 
54 
45 


40 
32 

25.9 
25.9 
25.9 
64 


48 
45 
32 

25.6 


16 
18.3 


17.5 
13.8 


20 
16 
7.65 


11.2 
9.7 

11.3 
5.  03 


11 


6.  56 


13.8 


Inches. 
27.  50 
28 
21 

16.2 

20 

16.2 
13 

12.4 
11.  75 

34 


25 
21 

16.2 
13.2 


15 
11.7 


20 
16 
7.  65 


6.7 

6 

5.8 
2.  55 


7.5 
'5.' 80 


10 
6.3 


18.  92 
17.41 
15.  85 
14.  66 

14.4 


75 


3.  42 

2.  69 

3.  25 


26.  67 
28.57 


5.  81 


2.  05 

2 

2.  24 


18.  57 
21.  66 
23.  33 
25.  35 
34.  75 
13.  76 
3.3 
6.4 
71. 11 


11.  09 


liiUing. 


Inches. 

0.  9163 

1.  045 
1. 15 

0.  8377 

1.  0472 

1. 1424 
1. 1170 
0.  869 
0.  946 


0.  97 


1.  07 
.84 


0.  362 
0.  314 


0.  2618 
0. 1309 
0. 1413 


Inches. 
0.  09 
0.1 
0.  085 
0.  075 

•  0.1 


0.  075 
0.1 


0.  075 
0.  075 
0.1 
0.  012 
0.  019 


0.  010 
0.  010 
0.  010 


0.  9163 
0.  75 
0.7 

0.  8377 

1.  0472 


1424 
1170 


0.  06 


0.5 
0.5 


0. 157 
0.  447 


0.  2618 
0. 1309 
0. 1413 


56.  25 


40 


41. 143 
40 


33.  784 
33.  784 


Character  of. 


Uniform. 
Do. 
Do. 
Do. 

Increasing. 

Do. 
Do. 
Uniform. 
Do. 


Uniform. 
Increasing. 


Uniform. 

Do. 
Increasing. 
Uniform. 

Do. 

Uniform. 
Do. 
Do. 
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Table  II. — Ordnance  and  ammunition  of 
[Standard  and 


Nature  of  ordnance. 


SEA-COAST  PIECES. 


Guns. 


12-  incli  rifle  (model  1874)  

11-inch  rifle  (model  1870)  

lO-inch  rifle  

8-inch  rifle  (converted)  

10-inch  rifle  (Parrott,  300-pounder) . . 
8-inch  rifle  (Parrott,  200-pounder). . . 

6.4-inch  rifle  (Parrott,  100-pounder) . 

7-  inch  rifle  (banded,  42-pounder)  

6.4-inch  rifle  (banded,  32  pounder)  . . 

20-inch  smooth  bore  

15-incii  smooth  bore  (model  1874) . . . 
15-inch  smooth  bore  (model  1861) ... 

13-  inch  smooth  bore  

10-inch  smooth  bore  

8-  inch  smooth  bore  


Mortars. 


15-inch  smooth  bore. 
13-inch  smooth  "bore. 
10-inch  smooth  bore. 


SIEGE  PIECES. 

Guns. 


4.5-inch  rifle  

4.2-inch  rifle  (Parrott,  30-pounder). 


Howitzers. 

8-inch  smooth  bore  

5.82-inch  smooth-bore  (flank  defense). 


Mortars. 


10-inch  smooth  bore  

8-inch  smooth  bore  

5.82-inch  smooth  bore,  Coehom. 


FIELD  PIECES. 


Guns. 


3.5-inch  rifle  

3  inch  rifle  

3-inch  rifle  (Parrott,  10-pounder)  

1.65-inch  ritle  (breech-loader)  mountain,  Hotchkiss. 

1.457-inch  cannon  revolver,  Hotchkiss  

4.62-inch  (12-pounder)  smooth  bore  

1-inch  Gatling  

0.5-inch  Gatling  

0.45-inch  Gatling..  


Koivitzers 

6  4-inch  smooth  bore  

4. 62- inch  smooth  bore  mountain  


Inches. 
0.  09 
0.  05 
0.  05 
0.  05 


0. 13 
0. 13 
0.  13 
0. 13 
0. 13 
0. 13 


0. 13 
0. 13 
0. 13 


0.5 


0. 12 
0. 14 


0. 13 
0. 12 
0. 14 


0.  05 
0.  05 


0. 10 
0. 10 


Charge. 


Kind  of  powder. 


Hexagonal . 

 do  

...do  

...do   

Cannon   

...do  


do 


Mammoth 


Hexagonal  

Mammoth  No.  5. 

Cannon  No.  5  

Cannon   


Mortar. 
. .  do  . . 
...do 


New  mortar. 
...do  


Mortar. 
...do  .. 


Mortar. 
...do  .. 
-.  do  .. 


New  mortar. 

.-..do   

...do   


Mortar. 
Musket 
..  do  ... 
...do  ... 


Mortar. 
...do  .. 


*  Except  for  machine-guns  and  the  Hotchkiss  mountain  breech-loading  gun,  shot  and  shell  for  rifled 
No  special  sabot,  however,  has  as  yet  been  adopted  as  standard.    The  Butler,  Parrott,  Arrick,  and 
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the  l^ititvd  States  land  sereice — Cout iniuMl. 


vctainod  caliboivs.  ] 


rrojectilos.* 

Ratio  of  weight — 

Initial  velocity. 

Muzzle  energy. 

Elevation. 

Eange. 

1 

Shot. 

s 

a.' 

Bursting  charge. 

Of  charge  to  weight  of 
projectile. 

Of  projectile  to  weight 
of  piece. 

700 
GOO 
400 
180 
300 
200 

100 

1  to  6.  087   

Ito  128  

Feet. 
1,  396 
1,310 
1,430 
1,414 

Ft.-tons. 
9,  443 
7, 182 
5,  670 
2,  510 

o  // 

Ycivds. 

Ito  6  

Ito  136. 16 

360 
150 
250 
150 

80  to  100 

1  to  5   

1  to  101.  7 

1  to  5  14 

1  to  89  77 

1  to  12 

1  to  88  33 

13  30 
11  47 

35  00 

4,920 
4, 273 

8,  453 

Ito  12.  5  

Ito  81.5 

Ito  15  

Ito  97  J 

1,222  to 
1,  335 

I  

1,080 
450 
450 
283  to  300 
128 
68 

725 
330 
330 
224 
100 
48 

330 
216 
101.  67 

25 
29 

45 
17 

88 
44 
17 

Ito  5.4  

1  to  106.  66 

25  00 

8,  000 

17 
17 
7 

3 

1.  8 

Ito  3.6 

1  to  109. 10 

1,  735 
1,597 
1,  500 

9,  449 
5,  337 
1,996 

Ito  4.23 

1  to  132.  50 

1  to  5. 12  , 

Ito  117.  64  .... 

1  to  4  53 

1  to  124  85 

7 

2 

Ito  10.3  

Ito  78.39  ... 

45  00 
45  00 

4,  636 
4,  536 

Ito  8.47  

Ito  71.80  .... 

35 
25  to  30 

Ito  5  

Ito  103  

1,420 
1,  293 

1  070 

503.2 

Ito  140  

25  00 

12  30 
5  00 

45  00 

6,  700 

2, 280 

1,  322 

2,  064 
2,  225 
1,  200 

1.  8 
o!  75 

3 

1.8 
0. 75 

1  to  11  5 

1  to  57  77 

Ito  3.5  

Ito  86.82  . 

1  to  22  

Ito  21.59 

Ito  19.  55:  

Ito  23.86 

45  00 
45  00 

Ito  34.  

16.  75 
10 

10.5 

Ito  5.58  

Ito  69.01 

1,  314 
1,418 
1,  232 

9.5 
9.  75 

Ito  5  

Ito  83   

Ito  10.5  

Ito  84.76 

20  00 

5,000 

7, 716  grs. 
8.  34 

617  grs. 
.702 

Ito  4.16  

Ito  11.00  .,, 

1,476 
1, 495 

12.  3 
3,  500  grs. 
450  grs. 
405  grs. 

(  Case, 
)       30. 75 
J  Canister, 
{       12. 17 

Ito  4.92  

Ito  10  

10  00 

2,  000 
1,200 
1,000 

1,  350 

4  45 

1       23. 03 
1  8.34 

1.4 
1. 10 

Ito  9.46  . 

Ito  62.43  

Ito  18.07  

1, 182 

15  0« 

5  00 

2,  344 
1,  005 

Ito 24.  34   

guns  are  fitted  with  an  expanding  sabot,  to  communicate  to  the  projectile  the  rotation  due  to  the  rifling. 
Dana  all  give  good  results. 
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Table  III. — Principal  dimensions  and  weights  of 


Lengths. 

Nature  of  ordnance. 

Material. 

CaUber. 

Weight. 

Preponderance 

Windage. 

Of  entire  piece 

SEA-COAST  PIECES. 

Guns. 

lO-inch  rifle  (Parrott,  300-pounder)  

8-inch  rifle  (Parrott,  200-ponnder)  

Cast  iron  with  wrought- 
iron  jacket. 

In 
10 

8 

Lbs. 

26,  500 

16,  300 
9,  700 

Lbs 
0 

0 

In. 

In. 
175. 1 

163 

154.  25 
129.  4 
125.  205 
136.  66 
123.5 

8.4-inch  rifle  (Parrott,  100-pounder)  

....do  

b.  4 

0 

7-inch  rifle  (banded,  42-poander)  

Cast  iron  

7.  018 

....do   

10-inch  smooth  bore,  Rodman  

....do   

10 

8 

15,  059 
8,  490 

0 
0 

0. 13 
0. 12 

.-..do  

Mortars. 

10 

7,  300 

0 

0. 13 

49.  25 

SIEGE  PIECES. 

Quns. 

■ 

Cast  iron  with  "wxonght- 
iron  jacket. 

4.2 

4,  200 

132.  75 

Sowitzers. 

5.82-inch  smooth  bore,  flank-defense  ... 

FIELD  PIECES. 

Cast  iron  

5.  82 

1,  476 

70 

0. 14 

69 

Guns. 

3-inch  rifle  (Parrott,  10-pounder)  

3 

890 

77.8 

Steel  

1 

1,  008 
365 

110 
45 

0 

....do   

0.5 

0 

Howitzers. 

Bronze   

6.4 

1,920 

160 

0. 15 
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Lengths. 


In. 
100.25 

l.-)4.  5 
U.5.2 
120.7 


117.  205107.59  104.  59 
  120 


128 


G3 


74.  65 


76.2 


Tn. 
144 

136 
130 
10!) 


32.5 


120 


58 


71 


DistauccH. 


Diamoters. 


%  o 


CS  o 


In. 


106 


In. 

liVd 


4  rad. 
3.2  rad. 


/n. 


....  7.5 


In. 
105 


26 


4.5  96 
5  '91 
6.5  70.  49122 
0-     68.  595  21 
3.25  87.76  32.1 
3.25  79.83  25.7 


3.  25  22 


2.1  rad. '2.  75  82. 15 


1.5  rad. 


3.  25  35 


2.8 


47.1 


30.4 


16.8 


12.8 


9.5 


3.5  41.99 


Tn.  In. 
....'20 


....16.2  32 
....13  25. 
....12.4  25.9 
. ...  11.  75  25.  9 
110  16  2  32 
101  13.  2  2.5.  6 


...30 


11. 17 


5.8 


11.2 


30 


18.3 


13.8 


11.  32 
6.8 
6.0 


13.8  4.62 


Rifling. 


Tn. 
10 


10 


Ft. 


7.  018  35 
6.41 
10 


5.3 


3.  67 


3.6 


Tn 


15  1.  0472  0. 1 

I 

11 1 


91 


Tn. 


Tn. 


Tn. 
1.  0472 


L.  1424  0.1  1.1424 
[.11700.1  1.1170 
15  0.869  '0.075  0.6 
13  0.  946  'O.  075  0.  6 


1.  319 


0. 1    1. 1319 


3  1.  5708  0. 1    1.  5708 

6'  0.01  1  

...  0.01  !  


Chaiuboring. 


Tn. 


Tn. 


4.  75  4.  62  4, 


Tn. 


4.  62  4.  62 

I 


/ 
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Table  IV. — Dimensions,  ifc,  of  obsolete 


Ifature  of  ordnance. 


SEA-COAST  riECES. 

Guns. 

lO-incli  smooth-bore  eolumbiad,  model  1844  . . 
8-inch  smooth-bore  eolumbiad,  model  1844  . . . 
7-inch  smooth-bore  42-pounder,  model  1841 . . . 
6.4-inch  smooth-bore  32-pounder,  model  1841. 

Howitzers. 


10-inch  smooth  bore,  model  1841 
8-inch  smooth  bore,  model  1841  . 


Mortars. 


13-inch  smooth  bore,  model  1841 
10-inch  smooth  bore,  model  1841 


SIEGE  PIECES. 

Guns. 

5.82-inch  smooth-bore  24-pounder,  model  1839. 
5.3-inch  smooth-bore  18-poimder,  model  1829.. 
4.62-inch  smooth-bore  12-pounder,  model  1829 

Howitzers. 


8-inch  smooth  bore,  model  1841 
Mortars. 


10-inch  smooth  bore,  model  1841 
8-inch  smooth  bore,  model  1841  . 


FIELD  PIECES. 

Guns. 

4.62-inch  smooth-bore  12-pounder,  model  1841 
3.67-inch  smooth-bore  6-pounder,  model  1841.. 

Hoivitzers. 

5.82-inch  smooth-bore  24-pounder,  model  1844 
4.62-inch  smooth-bore  12-poiinder,  model  1841. 


Cast  iron . 
....do  .... 
....do  .... 
....do  .... 


Cast  iron. 
....do  .... 


Cast  iron . 
....do  .... 


Cast  iron. 
....do  .... 
...do  .... 


Cast  iron . 


Cast  iron . 
....do  .... 


Brass . 
....do  . 


...do 


Lbs. 

15,  400 
9,  240 
8,  465 
7,  200 


9,  500 
5,  740 


11,  500 
5,  775 


5,  790 
4,  913 
3,  590 


2,  614 


1,  852 


1,  757 
884 


1,318 

788 


Lbs. 
740 
635 
600 
695 


475 
462 


395 
305 
270 


420 


108 
47 


146 

95 


1  21 
1  23 


1  30 
1  30 
1  30 


1  00 


1  00 
1  00 


1  00 
1  00 


Lengths. 


Si 

CM 
O 


Inches. 
99 
100 
110 
107.6 


96 

85.5 


108 

108.5 

103.4 


38.5 


74 

57.5 


56.  25 
46.  25 


Inches. 
12 
11 
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Lengths. 


Inches. 
122.  67 
120.  82 
120.5 
117.7 


115.  75 
101 


116.5 
116.  25 
110 


54 


79.2 
60.9 


53. 


Inches. 
126 
124 
129 
125.7 


124. 25 
109 


53 


124 

123.  25 
116 


61.5 


28 

22.5 


85 

65.6 


71.2 
58.6 


Inches. 
9 


5 

4.  75 
4.5 


3.5 
2.8 


3.  25 
2.8 


Distancos. 


Inches. 
120 


119 
117 
114 


112 

98 


114 
114 
108 


52 


Inches. 
73.5 
73.5 
70.  3 


67 
57.4 


68.  09 
67.  85 


25. 


24 
19.5 


44.  99 
34.91 


35.4 
27.  91 


Inches. 
31 
25 
22 
20.7 


25 
20.7 


36 

27.5 


18 

16.8 
14.8 


18 


20.5 
16.25 


12 
9.5 


11.5 
9.5 


Diameters. 


Inches. 
32 
26 
24.4 
23.4 


26.5 
22.2 


36 
27.5 


21.4 
19.  75 
17.4 


18.  25 


20.  75 
16.5 


13 

10.3 


Inches. 
21.5 
17 

16.8 
15.4 


20.  25 
16.5 


35.5 
27.5 


15.  586 
13.  87 
11.  864 


16.  45 


.20.  75 
16.5 


10.  34 
8.  25 


3.2 


Chamber. 


Inches.  Inches. 
10      ,  8 
8      I  6.4 

7  '  

6.4 


6.4 


12 


5.  82 
5.3 
4.  62 


5.82 


7 

6.4 


9.5 
7.15 


4.  62 


6.  08 


4.  62 
3.  67 


4.2 
3.  67 


4.  62 
3.  67 


Inches. 


7.  25 
5.  64 


0.13 
0.13 
0. 16 
0. 15 


0.13 
0. 12 


0. 13 
0. 13 


0. 14 
0. 13 
0. 10 


0. 12 


0.13 
0. 12 


0. 10 
0.  09 


0. 14 
0. 10 
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PHYSICAL  PROPERTIES  OF  METALS.* 

The  qualities  with  which  ^Ye  are  more  particularly  concerned  are  the 
physical  properties  of  malleability,  ductility,  hardness  or  softness,  tough- 
ness, elasticity,  and  tensile  strength,  while  Ave  must  also  understand 
what  is  meant  by  tenacity  and  elastic  limit  as  applied  to  metals. 

MalleahUitij  is  the  property  of  being  i)ermanently  extended  in  all 
directions  without  rupture  by  pressure  (as  in  I'olling)  or  by  imi)act  (as  in 
hammering).  It  is  opposed  to  brittleness,  whicli  is  the  tendency  to  break 
more  or  less  readily  under  compression  either  gradual  or  sudden. 

Ductility  is  the  property  of  permanently  extending  or  drawing  out, 
by  traction,  as  in  wire  draAving.  A  metal  is  said  to  be  soft  wlien  it  yields 
easily  to  compression  without  breaking,  and  does  not  return  to  its  original 
form  on  the  removal  of  the  compressing  stress. 

These  terms  are,  of  course,  only  comi>arative ;  thus  we  Inwe  hard  leads 
and  soft  leads,  while  any  sort  of  lead  whatever  is  soft  as  compared  with 
wrought  iron,  which  latter  again  is  called  soft  when  we  compare  it  with 
cast  iron. 

Steel  is  called  soft  or  low  AAdien  the  i)roportion  of  carbon  contained  in 
it  is  small,  and  hard  or  liigli  when  the  contrary  is  the  case,  because  when 
treated  in  a  similar  manner  one  variety  is  much  harder  than  the  other. 
It  should,  however,  be  remembered  that  a  tolerably  soft  steel  may  be 
made  very  hard  by  tempering. 

It  is  easy  to  understand  what  toughness  means,  but  not  so  easy  to 
define  exactly  what  it  is.  Dr.  Young  (Nat.  Phil.,  i,  142)  gives  the  fol- 
lowing exx^lanation  of  the  term  as  applied  to  steel : 

Steel,  wlietlier  perfectly  hard  or  of  the  softest  temper,  resists  flexure  with  equal 
force  Avheu  the  deviations  from  the  natural  state  are  small,  but  at  a  certain  point 
the  steel,  if  soft,  begins  to  undergo  an  alteration  of  form;  at  another  point  it  breaks 
if  much  hardened,  but  when  the  hardness  is  moderate  it  is  capable  of  a  much  greater 
curvature  without  permanent  alteration  or  fracture,  and  this  quality,  which  is  valu- 
able for  the  purposes  of  springs  [and  also  for  gun-barrels],  is  called  toughness,  and  is 
opposed  to  rigidity  and  brittleness  on  the  one  side  and  to  (luctility  on  the  other. 

Elasticity  is  the  property  possessed  by  a  metal  of  resisting  i^ermanent 
deformation  when  subjected  to  a  stress,  and  is  measured  by  the  ratio  of 
stress  to  strain,  so  that  tlie  modulus  of  elasticity  is  equal  to  the  co-tangent 
of  the  angle  H  A  J  (in  figure). 

The  elastic  limit  of  a  metal  is  the  tension  which  causes  permanent 
elongation,  and  in  the  figure  is  represented  by  the  abscissa  A  J. 

Tenacity  is  the  tension  required  to  produce  rupture,  and  is  represented 
above  by  the  abscissa  A  D. 

Tensile  strength  we  shall  employ  to  denote  the  work  done  upon  the 
metal  to  produce  rupture  by  traction.  It  would  be  measured  in  the 
figure  by  the  area  A  B  D. 

In  order  to  understand  these  several  terms  more  clearly,  let  us  take 
the  figure  below,  in  which  the  abscissa  represent  the  tensions,  and  the 
ordinates  the  extensions  of  a  bar  of  metal  (experimentally  determined) 
corresponding  to  the  tensions. 

If  the  bar  be  subject  to  a  constantly-increasing  tension,  the  extension 
is  at  first  in  a  constant  ratio  to  the  tension,  increasing  after  a  certain 
point  in  a  varying  ratio.  This  point,  represented  in  the  diagram  by  the 
extension  H  J,  and  measured  by  the  tension  represented  by  the  abscissa 
A  J,  is  termed  the  elastic  limit. 

*  The  following  information  on  metals  is  taken  from  Captain  Owen's,  R.  A.,  excellent 
work,  ^'Treatise  on  the  Construction  of  Ordnance." 
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AlTor  lliis  is  micliod,  tlic.  cxldisioiis  incrensc,  in  a  lii^lici'  ratio 

lor  ovory  iii(;r(Mn(Mit  of  [(Vision,  and  (lie  line  joiniii<;'  tlio  ordiiiates  bo- 
(tonios  a>  curved  lino,  as  sliowi^'t  by  II  !>  in  (ho  li^nro. 

As  wo  oonlJnut^  to  inoroaso  tlio  tonsion,  wo  arrive  at  a  i)oint  vvliore 

the  bar  will  IVacturo. 

ft 


Suppose  the  total  extension  of  the  bar  at  that  point  to  be  represented 
by  B  1),  and  the  breaking?  tension  by  the  abscissa  A  D,  whicli  is  the 
measure  of  the  tenacity  or  limit  of  fracture,  we  have  then,  as  will  be 
seen  by  the  figure,  three  extensions  of  the  bar,  the  total,  elastic,  and 
permanent,  the  former  being  in  all  cases  tbe  sum  of  the  two  latter; 
while,  until  the  elastic  limit  is  reached,  tlie  total  extension  is  synony- 
mous with  the  elastic  extension. 

The  ordinates  of  the  curve  (a  straight  line  as  far  as  H)  A  B  represent 
the  total  extensions,  and  the  ordinates  of  the  straight  line  A  C  the 
elastic  extensions  of  the  bar,  while  the  work  required  to  produce  rup- 
ture is  measured  by  the  area  A  B  D,  which  thus  measures  the  tensile 
strength. 

Similarly,  the  work  necessary  to  produce  a  total  extension,  E  F,  is 
measured  by  the  area  A  F  E.  If  we  move  the  tension  represented  by 
A  F,  after  the  bar  has  been  extended  by  E  F,  the  greatest  extension  of 
the  bar  will  not  exceed  F  G ;  then  reimpose  it  and  once  more  remove 
the  tension,  the  bar  will  revert  to  its  former  length. 

Here,  of  the  total  w^ork  done  on  the  bar  represented  by  the  area  A  F 
E,  that  portion  corresponding  to  the  area  H  E  G  has  been  absorbed  by 
it  and  applied  to  the  rearrangement  of  its  molecules,  being  the  measure 
of  the  loss  sustained  in  the  tensile  strength  of  the  bar.  Its  tenacity 
may,  how^ever,  be  increased,  and  we  see  that  its  elastic  limit  is  so,  for 
any  ductile  metal  increases  (within  certain  limits)  in  elastic  limit  and 
ultimate  strength  (as  represented  by  the  tenacity),  though  not  in  abso- 
lute or  tensile  strength  (as  shown  by  the  total  work  required  to  produce 
rupture),  when  subjected  to  drawing,  hammering,  or  rolling.  In  fact, 
a  material  strained  beyond  its  elastic  limit  will  exhibit  the  same  char- 
acteristics as  an  originally  harder  metal. 

To  return,  however,  to  the  case  in  the  figure.  Suppose 'we  now  sub- 
ject the  bar,  which  has  been  elongated  by  the  permanent  extension  E 
G,  to  a  greater  tension,  then  the  total  extensions  may  be  represented 
by  the  same  line  G  K,  and  we  see  that  the  breaking  tension,  shown  by 
A  L,  is  greater  than  before.  The  total  w^ork  to  x^roduce  rupture  will 
now  be  represented  by  the  area  A  K  L,  which,  however,  can  never  ex- 
ceed the  mechanical  work  represented  by  A  B  D,  or,  whicli  is  the  same 
thing,  F  G  K  L  cannot  exceed  B  D  F  E,  so  that  the  absolute  or  tensile 
strength  of  the  metal  is  not  increased  by  permanent  extension  beyond 
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its  original  elastic  limit,  altliough  its  tenacity  and  elasticity  may  be 
increased  by  the  operation. 

To  recapitulate,  then,  we  must  remembc  i'  that  increase  in  the  tenacity 
(or  breaking'  tension)  and  limit  of  elasticity  do  not  necessarily  imply 
greater  working  strength  in  a  given  bar  of  metal. 

We  do,  however,  gain  very  much,  as  we  all  know,  by  subjecting 
metals  to  the  operations  of  rolling,  liammering,  &c.,  for  we  obtain  a 
higher  limit  of  elasticity  and  tenacity  in  smaller  bulk  by  making  the 
mass  more  homogeneous. 

It  will  be  seen  that  the  tensile  strength  of  a  metal  is  by  no  means  the 
same  as  the  tenacity,  which  latter  is  often  termed  tensile  strength,  and 
which  is  measured  here  by  the  weight  in  tons  that  a  bar  of  a  square 
inch  in  sectional  area  will  just  support  without  breaking.  The  former 
is  proportional  to  an  area  and  the  latter  to  a  straight  line  in  the  figure 
above. 

In  order  to  fracture  steel  of  great  tenacity,  less  work  may  in  fact  be 
done  than  is  required  to  fracture  a  similar  bar  of  soft  wrought  iron. 

Again,  the  elasticity  of  the  iron  may  equal  that  of  the  steel,  but  the 
limit  of  elasticity  might  be  very  different  in  the  two  cases.  The  elas- 
ticity is  measured  by  the  co-tangent  of  the  angle  0  A  D  in  the  figure, 
while  the  elastic  limit  is  represented  by  the  tension  measured  by  the 
line  A  J,  and  the  work  required  to  overcome  it  by  the  area  H  A  J. 

METALS  USED  FOR  OONSTRUCTION  OF  ORDNANCE. 

The  metals  employed  in  constructing  are  bronze,  cast  or  wrought  iron, 
and  steel. 

Bronze. 

Bronze  is  a  mixture  or  alloy  of  copper  and  tin.  That  particular  sort 
of  bronze  formerly  used  for  guns  is  often  called  gun  metal,  and  consists 
of  about  90  parts  of  copper  and  10  of  tin. 

Bronze  is  a  tough  and  tenacious  metal,  but  when  cast  or  founded  in 
the  ordinary  way  it  is  comjmratively  soft  and  is  easily  indented  and 
damaged  by  the  projectile.  When  heated,  as,  for  instance,  by  rapid  fir- 
ing, this  metal  becomes  still  softer  and  so  more  readily  damaged. 

For  the  small  smooth-bore  guns  formerly  used  in  the  field  bronze  an- 
swered tolerably  well,  as  the  weight  of  shot  was  comparatively  small ; 
but  with  rifled  guns  using  mucli  heavier  charges,  bronze  is  not  found  to 
be  a  sufficiently  good  material. 

Besides  the  faults  above  mentioned,  which  are  inherent  to  bronze  cast 
in  the  ordinary  way,  even  when  the  casting  is  sound,  this  alloy  has  the 
serious  defect  of  never  being  quite  homogeneous. 

The  tin  has  a  much  lower  melting  point  than  copper  (442°  F.  as  com- 
pared to  1,800°  F.),  while  its  specific  gravity  is  also  very  different  (and 
although  definite  alloys  can  be  found,  they  are  not  represented  by  the 
above  proportion,  nor  such  as  would  answer  for  gun  metals.) 

While  cooling,  the  two  metals  forming  the  alloy  seem  to  separate  more 
or  less  from  one  another,  the  tin  liquating  or  sweating  out  in  parts  and 
causing  white  spots  or  blotches  called  "  tin  spots,"  which  are  readily 
acted  upon  by  the  powder  gas  and  eaten  away,  leaving  flaws  or  holes  in 
the  bore  of  the  gun. 

In  rifled  guns  this  defect  is  much  more  serious  than  in  smooth-bore 
pieces,  for  the  grooves  cut  in  the  bore  lay  open  a  further  surface  and 
expose  more  tin  spots,  while  the  powder  gas  acts  with  greater  for^e  (on 
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account  of  the  hir^cr  (•li;u  '''cs  and  licavi(^r  projcc^tilcs  nscd),  aiul  cuts 
way  tlie  spots  niorc  (jnic-kly. 

With  sinootli-borc  i)i()n/c^uns  nincli  inconvcniciKM'.  was  occasioned  by 
the  softness  of  this  alh)y,  especially  w  iicn  licatcd  by  rapid  lirin*;-,  and  as 
e.xpciicncewas  piincd  (U)nc('inin«;  rilled  ordnance  in  the  lield,  itw  as  i'oniid 
that  the  defects  inliereiit  to  ordinary  bronze  were,  as  mentioned  above, 
still  more  serions  in  snch  ])ieces.  'IMicir  accnracy  was  al'fected  by  mnch 
lirin^',  and  the  <»roatcr  ])ressnre  in  the  i)ow(U!r  ('hMnd)er  (piickly  devel()])ed 
tlaws  by  bnriiinjLi' ont  the  tin  spots.  'Phe  cntlinj^of  the  grooves  also 
hsid  bare  many  of  these  spots,  whicJi  otherwise  would  not  have  been 
api)arent. 

Various  attemi>(s  have  been  made  to  dis<^over  a  modification  of  bronze, 
or  some  analogous  alloy,  sufliciently  hard,  elastic,  and  strong;-  for  the 
purpose  recpiinnl,  but  as  yet,  unless  the  bronze  steel  mentioned  below 
be  a  success,  all  these  attemi)ts  have  failed. 

It  has  also  been  attempted  to  improve  its  (pudity  both  in  hardness 
and  lionu)geneity  by  altering  the  proi)ortions  of  the  two  constituents, 
and  by  adding  small  portions  of  other  metals  or  non-metals,  such  as 
manganese  ami  phosphorus. 

Ph()si)hor  bronze  containing  small  quantities  of  phosphorus  has  been 
extensively  tried,  and  gives  a  metal  of  more  uniform  character  and  also 
stronger  tlian  bronze. 

In  1872  an  exhaustive  trial  was  undertaken  at  l>ourges  by  tlie  French. 
Government  with  4-pdrs.  j  four  of  these  i)ieces  were  cast,  two  being  of 
ordinary  bronze  and  tw^o  of  an  alloy  of  i)hosphor  bronze. 

The  superiority  of  the  latter  over  the  guns  cast  from  ordinary  bronze 
was  so  slight  that  the  committee  carrying  on  the  experiments  concluded 
that  any  advantages  were  more  than  neutralized  by  the  necessity  of  add- 
ing the  phosphorus  in  very  exact  proportions,  and  so  further  compli- 
cating the  manufacture  of  bronze  guns. 

Colonel  Eosset,  of  the  Italian  Artillery,  superintendent  of  the  arsenal 
at  Turin,  has  for  some  years  past  been  carrying  on  a  series  of  interest- 
ing trials  w  ith  regard  to  bronze  and  other  metals  in  the  arsenal  at  Turin, 
where  a  7.5c.  gun  of  phosphor  bronze  was  tested  in  comparison  with, 
others  of  ordinary  bronze.  This  gun  stood  the  trial  well,  and  the  alloy 
from  which  it  was  cast  (in  an  iron  mold)  showed  a  tenacity  of  about 
25  tons  per  square  inch.  Notwithstanding  this,  however.  Colonel  Eos- 
set  concluded  that  it  was  not  advisable  to  employ  such  an  alloy  in  gun 
manufacture  on  account  of  the  unstable  character  of  phosjihorus,  and 
the  great  difhculty  of  securing  uniformity  of  result  in  the  mixture  of  this 
element  with  bronze. 

Eussia,  too,  has  been  making  much  advance  in  the  working  of  bronze, 
and  is  manufacturing  some  powerful  experimental  field-guns  (Lavroff 
guns)  of  this  alloy  treated  in  the  same  way  as  described  with  regard  to 
the  Austrian    Uchatius"  field  pieces. 

In  Austria  great  attention  has  always  been  jyaid  to  bronze  and  analo- 
gous alloys,  and  General  Yon  Uchatius,  the  director  of  the  gun  foundry  at 
Vienna,  has  for  years  studied  the  subject.  In  a  lecture  lately  delivered  by 
him,  he  tells  us  that  about  three  years  ago  his  attention  was  particularly 
called  to  a  fragment  of  bronze,  cast  under  i^ressure,  which  the  Archduke 
William  had  brought  from  Eussia.  He  found  the  properties  of  this 
metal  so  far  superior  to  those  of  bronze  cast  in  the  ordinary  way  tliat 
he  was  led  to  researches  which  resulted  in  his  casting  bronze  in  an  iron 
mold,  or  chill  casting,  and  at  the  same  time  chilling  the  interior  of  the 
mass  by  means  of  a  core  of  solid  copi^er,  or  otherwise. 

This  bronze,  which  is  an  ordinary  alloy,  containing  8  per  cent,  of  tin, 
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can  be  forged  cold,  aud  possesses  many  of  the  properties  of  steel,  and 
has,  consequently,  been  termed  bronze  steel;"  it  i)ossesses,  however, 
apparently,  the  advantage  over  steel  of  being  a  safer  material  when  em- 
ployed alone. 

Iron. 

Although  there  exists  but  one  elementary  metal  which  can  properly 
be  termed  iron,  yet  when  this  is  mixed  or  alloyed  with  comparatively 
small  quantities  of  other  elements,  we  have  in  these  alloys  or  mixtures 
virtually  distinct  metals,  which  differ  from  one  another  in  their  external 
character  more  than  many  chemically  distinct  metals. 

These  different  varieties  of  iron  may  be  divided  into  groui)s  termed 
respectively,  cast  iron,  wrought  iron,  or  piled  metal,  steel  or  ingot  metal. 
Eegarding  the  two  latter  we  shall  also  see  that,  according  to  the  latest  no- 
menclature, they  differ  from  each  other  more  in  the  mode  of  mechanical 
treatment  they  undergo  during  their  production  than  in  chemical  con- 
stitution. 

Iron  is  usually  obtained  from  its  ores  by  melting  these  in  large  blast- 
furnaces with  coke  or  coal,  a  arious  fluxes  being  added,  according  to  the 
nature  of  the  ore,  to  carry  off'  the  earthy  matters.  The  metal  so  ob- 
tained is  run  into  sand  molds  in  the  shape  of  the  well-known  rough - 
looking  bars  technically  termed  "pigs,"  or  ^'pig-iron." 

The  metal  in  this  state,  as  run  from  the  blast-furuace,  is  termed  cast- 
iron,  and  contains  many  foreign  elements,  principally  carbon  and  silicon, 
the  former  being  mostly  derived  from  the  fuel  with  which  the  ore  is 
smelted.  Besides  these  impurities,  small  quantities  of  sulphur,  phos- 
phorus, and  manganese  are  commonly  found  in  cast  iron  when  first  run 
out. 

Cast  iron. 

By  refining,  &c.,  a  j)ortion  of  the  carbon  and  other  impurities  may  be 
removed,  but  so  long  as  the  proportion  of  the  carbon  is  not  less  than  2 
per  cent,  the  metal  will  possess  the  characteristic  properties  of  cast  iron 
mentioned  below.  The  presence  of  silicon,  sulphur,  and  i^hosphorus 
modifies  the  strength,  brittleness,  &c.,  of  cast  iron  very  much,  that  of 
sulphur  iu  particular  increasing  its  tenacity,  which  is  always,  however, 
comparatively  low. 

We  may  say  that  cast  iron  contains  from  2  per  cent,  to  5  per  cent,  by 
weight  of  carbon,  which  exists  in  two  states,  either  chemically  combined 
with  the  iron  or  mechanically  mixed  A\ith  it. 

In  the  trade,  cast  iron  is  distinguished  by  numbers  from  one  to  eight, 
the  lower  numbers  being  given  to  those  descriptions  in  which  the  sur- 
face when  broken  presents  a  gray  or  mottled  appearance,  and  in  which 
the  larger  part  of  the  carbon  is  in  the  state  of  graphite — that  is,  uncom- 
bined  with  the  iron.  The  higher  numbers  represent  white  or  bright 
iron,  and  in  these  the  carbon  is  almost  entirely  in  the  combined  state. 

Oast  iron  is  easily  fused,  and  can  be  readily  cast  into  a  homogeneous 
mass  of  any  size  or  shape  w^e  choose,  but  it  is  brittle  and  cannot  be 
worked  under  the  hammer  either  hot  or  cold.  If,  indeed,  we  heat  a 
mass  of  cast  iron  to  a  red  heat  and  hammer  it,  it  will  crumble  to  pieces, 
a  fact  taken  advantage  of  in  the  breaking  up  of  obsolete  smooth-bore 
cast-iron  guns. 

Wrought  iron. 

If  we  remove  the  carbon  still  further  from  cast  iron,  so  that  the  amount 
becomes  less  than  2  per  cent.,  ayc  obtain  either  steel  or  wrought  iron  ac- 
cording to  the  amount  removed,  the  subsequent  treatment  of  the  metal, 
or  to  both  combined. 
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Wrought,  iron  jipproiiclK'S  (o,  llieorctic^silly,  \)iin)  iron,  suid,  according 
(o  liu'  old  nonKMicIaturc,  is  iron  contaiinn^;'  I'roni  0.1  ])cr  cent,  to  0.3  per 
cent,  of  carbon,  tlion;;li  we  sliall  lind  tliat  <'.ertain  characteristic  steels 
now  made  liavi^  no  larger  jnoportion  of  this  element. 

Wronght  iron  is  obtained  by  removing  the  carbon  from  cast  iron  by 
pnddling  or  otlierwise,  and  tlieii  working  it  nj)  by  hammering  or  rolling 
into  a  nset'nl  or  marketable  form,  whence  the  term  wrought  or  ])iled  is 
api)lied  to  this  particular  kind  of  iron. 

if  the  cast  iron  is  very  impure,  some  of  the  imi)urities  will  be  retained 
by  the  wrought  iron,  and  will  alfect  it  seriously  if  i)resent  in  any  (juan- 
tity.  Thus  a.  snuill  j)r()portion  of  ])hos])h()rus,  0.25  per  cent.,  will  n^ake 
a  bar  of  wrought  inui  ''Cold  short"  or  brittle  when  cold,  while  a  little 
suli)hur  ])resent  makes  wrought  iron  ''red  short"  or  bi  ittle  when  heated. 

While  this  uiore  or  less  puie  metjil  obtained  from  cast  irou  by  re- 
moval of  the  carbon,  through  ])uddling  or  otherwise,  is  worked  under 
the  hammer  or  rolls,  it  is  drawn  out  and  so  given  a  fibrous  structure, 
the  fibers  running  lengthwise  in  the  direction  in  which  it  is  drawn.  The 
fiber  runs  along  the  length,  in  fact,  as  the  fiber  runs  in  the  branch  of  a 
tree. 

This  structural  arrangement  of  the  material  can  be  readily  demon- 
strated by  subjecting  a  piece  cut  off  a  bar  of  wrought  iron  to  the  action 
of  acid,  Avheii  certain  portions  of  the  mass  are  eaten  away,  and  the  fibers 
stand  out  clearly,  presenting  the  a])])earance  of  a  bundle  of  tine  wires. 
This  fibrous  quality  of  bar  iron  renders  it  nmch  stronger  in  one  direc- 
tion than  in  the  otlier,  for — -just  as  in  the  case  of  wood — it  requires  about 
twice  the  force  to  break  a  piece  of  wrought  iron  across  its  fiber  that  it 
does  to  tear  it  asunder  along  the  fiber.  In  the  latter  case  the  fibers 
need  only  be  separated,  not  broken,  and  the  cohesion  which  binds  them 
together  is  not  much  greater  than  that  of  the  crystals  which  compose 
good  cast  iron. 

Unfortunately  the  process  of  working  up  wrought  iron  into  a  proper 
condition  for  use  does  not  remove  all  the  foreign  matter,  such  as  minute 
portions  of  slag,  &c.,  which  have  been  entangled  amongst  the  particles 
and  fibers,  so  that  owing  to  its  mode  of  treatment  a  mass  of  wrought 
iron  is  never  thoroughly  homogeneous,  and  if  laid  open  always  exhibits 
Haws  of  some  description,  whence  it  is  difticult  to  obtain  a  uniform  and 
smooth  surface  of  wrought  iron  perfectly  free  from  defects. 

Wrought  iron  may  be  said  to  be  practically  infusible  in  any  ordinary 
furnace,  but  it  has  the  property  of  welding  (which  cast  iron  has  not) ; 
that  is,  if  two  clean  surfaces  of  wrought  iron  heated  to  a  white  heat 
(about  3,0000)  \)q  brought  into  contact  and  pressed  together,  either  by 
rolling  or  liammering,  they  will  unite  so  perfectly  that  the  mass  when 
broken  will  part  as  readil}"  at  any  other  place  as  at  the  point  of  union  ; 
this  is  a  most  valuable  j^roperty,  and  is  largely  taken  advantage  of  in 
the  construction  of  our  service  ordnance. 

Wrought  iron  is  very  malleable  and  ductile,  and  is  also  of  great  tensile 
strength,  although  its  tenacity  is  much  below  that  of  most  natures  of 
steel.  The  tenacity  is  about  25  tons  per  square  inch  for  good  average 
wrought  iron. 

The  elastic  limit  of  wrought  iron  is  not  very  high,  about  12  tons  per 
square  inch ;  but  after  that  limit  is  exceeded  much  work  must  be  done 
in  permanently  stretching  this  very  ductile  metal  before  the  limit  of 
fracture  is  reached,  giving  us  a  large  margin  of  safet}^ 

Steel. 

To  give  a  short  definition  of  steel  is  a  difficult  task.  Until  lately,  steel 
has  been  usually  defined  to  be  iron  containing  a  small  amount  of  carbon, 
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an  aiuouut  less  tluiu  tliat  present  in  cast  iron,  bnt  greater  than  the  max- 
imum quantity  to  be  found  in  characteristic  wrouglit  iron ;  i.  e.,  iron  con- 
taining between  0.3  j^er  cent,  and  2  per  cent,  of  carbon  was  termed  steel. 
This  proportion  of  carbon  is,  however,  only  approximate,  and  Dr.  Percy 
gives  from  0.5  to  0.65  per  cent,  of  carbon  as  the  limit  at  which,  when  free 
fi'om  other  foreign  matter,  iron  may  be  considered  as  passing  into  steel, 
so  that  when  hardened  by  quenching  in  water  it  will  strike  fire  readily 
with  Hint.  According  to  this  definition,  where  carbon  is  present  "  in 
certain  proportions,  the  limits  of  which  cannot  be  exactly  prescribed,  w^e 
have  the  various  kinds  of  steel,  which  are  highly  elastic,  malleable,  duc- 
tile, forgeable,  weldable,  capable  of  receiving  very  different  degrees  of 
hardness  by  tempering,  and  fusible  in  furnaces." 

Owing,  however,  to  the  gradual  develoi)nient  of  new  modes  of  manu- 
facture, and  to  the  enormous  increase  in  recent  years  in  the  production 
of  cast  steels  of  all  kinds,  the  arbitrary  definition  of  steel  above  given 
leads  to  much  confusion  and  serious  mistakes,  and  though  it  may  be 
called  a  mere  question  of  words,  the  above  definition  has  no  doubt  exer- 
cised a  deleterious  efi'ect  upon  the  introduction  of  steel  in  place  of  worked 
or  wrought  iron  for  many  purposes  for  which  it  is  w^ell  suited. 

A  simpler  definition  of  steel  seems  likely  to  be  adopted,  a  definition 
which  possesses  the  advantages  of  precision  and  is  in  harmony  with  the 
current  modes  of  manufacture.  According  to  this,  steel  is  an  alloy  of  iron 
cast  ivliile  in  a  fluid  state  into  a  malleable  ingot. 

It  is  held,  according  to  this  nomenclature,  that  steel  and  wrought  iron 
cannot  always  be  distinguished  by  chemical  analysis  (for  the  same  pro- 
portions of  carbon,  manganese,  silicon,  &c.,  may  exist  in  any  malleable 
alloy  of  iron),  and  that  the  fundamental  and  essential  ditference  between 
steel  and  compounds  of  iron,  merely  worked  or  wrought,  is  a  structural 
ditference  easily  determined. 

All  malleable  products  of  iron  industry — that  is  to  say,  all  varieties  of 
iron,  except  cast  iron — may  be  divided  into  piled  metal  (wrought  iron) 
and  iugot  metal  (steel) ;  the  former  embracing  all  malleable  iron  or  alloys 
of  iron  produced  without  fusion  of  the  metals  while  in  a  malleable  state, 
and  the  latter  applying  to  all  irons,  however  produced,  which  are  cast 
into  a  malleable  ingot. 

These  two  classes  differ  more  widely  in  mode  of  manufacture,  ap- 
pearance, and  in  many  important  properties  than  the  varieties  of  each 
class  among  themselves,  and  form  two  i)arallel  and  continuous  series, 
the  corresponding  members  of  which  are  chemically  identical,  differing 
only  in  mode  of  production  and  in  mechanical  structure,  and  rising  in 
each  series  from  the  purest  and  softest  iron  to  the  hardest  and  most 
highly  carbureted  varieties." 

M.  Adolph  Grenier,  of  Seraing,  adopting  this  definition  of  steel,  clas- 
sifies the  two  ijarallel  series  of  products,  the  irons  and  the  steels,  as  fol- 
lows : 

Percentage  of  carlon. 


0.  to  0. 15 

0. 15  to  0.  45 

0.  45  to  0.  55 

0.  55  to  1.  50  or  more. 

1 

Series  of  the  irons. 


Ordinary  irons. 

Granular  irons. 

Steel  irons  or  puddled  steel. 

Cemented  steel,  Styrian  steel. 

Series  of  the  steels. 


Extra  soft  steels. 

Soft  steelf?. 

Half  soft  steels. 

Hard  -steels. 
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Tlio  production  of  the  more  hij;lily  ciirburotod  varieties  of  the  iron 
j»roin),  sueh  as  ^)U(hlIe(l  steel  or  cement  steel,  except  with  the  view  to 
casting-  the  metal  subsecpiently,  is  now  carried  on  upon  a  comparatively 
limited  scale,  while  tliat  ol'  the  steels  proper,  or  cast  steel,  is  increasing 
enormously  each  year. 

For  the  construction  of  ordnance,  we  may  say  that  cast  steel  is  at 
present  and  will  in  the  future  be  as  a  rule  emi)loyed,  so  we  may  safely 
take  the  new  dehnition  of  steel  and  look  u[>on  this  metal  as  a  melted 
malleable  alloy  of  iron  produced  in  any  way  ivhatever,  and  containing  a 
smaller  proportion  of  carbon  or  other  hardening  element  than  is  contained, 
in  cast  iron. 

Steel  may  be  produced  in  a  variety  of  ways,  by  more  or  less  decar- 
bureting-  cast  iron  under  such  conditions  as  to  obtain  a  melted  product. 

By  dissolving  wrought  iron  or  steel  scrap,  or  spongy  reduced  iron  in 
melted  cast  iron. 

By  the  direct  melting  of  puddled  iron,  or  other  variety  of  iron  of  the 
requisite  degree  of  hardness  (the  hardness  referring  to  the  amount  of 
carbon  in  the  iron). 

By  melting  a  mixture  of  soft  wrought  iron,  or  iron  sponge,  with  car- 
bon or  with  cast  iron  or  of  malleable  iron,  which  is  too  hard  for  the 
variety  of  steel  required,  with  oxidizing  agents,  or  by  directly  melting 
together  a  mixture  of  iron  ore  and  carbon  as  a  single  operation. 

The  processes  by  which  steel-making  is  practically  carried  out  are  by 
melting  in  pots  or  crucibles,  giving  "pot"  or crucible "  steel;  on  the 
open  hearth  or  bed  of  a  reverberatory  furnace,  giving  Siemens  or 
Siemens-Martin  steel ;  or  by  blowing  air  through  molten  cast  iron,  pro- 
ducing Bessemer  steel.  In  whatever  way  made,  the  material  is  essen- 
tially the  same,  depending  on  its  chemical  composition  and  physical 
structure  for  its  properties.  It  differs  much  from  wrought  iron,  even, 
when  chemically  the  same  metal,  because  a  mass  of  wrought  iron  is 
made  up  from  a  number  of  bars  or  blooms  heated  and  welded  together, 
each  of  these  again  being  composed  of  separate  granules  with  impuri- 
ties interposed,  such  as  slag,  &c.,  entangled  so  that  the  mass  is  unavoid- 
ably full  of  tlaws  and  imperfect  welds.  Steel,  on  the  other  hand,  has 
been  brought  into  a  state  of  perfect  fusion,  and  cast  while  liquid  into  a 
malleable  ingot,  which  is  homogeneous  throughout  and  free  from  flaws 
or  intermixed  impurities. 

We  now  can  understand  fully  what  steel  means  in  accordance  with 
either  of  the  definitions  given  of  the  term,  whether  depending  merely 
upon  its  chemical  constitution  as  to  the  amount  of  carbon  i)resent  or 
upon  the  physical  treatment  of  the  metal,  which  must  be  melted  and 
cast  into  a  malleable  mass. 

In  either  case  it  is  evident  that  the  properties  of  the  metal  must  vary 
very  much,  but  more  especially  if  we  adopt  the  second  definition.  The 
soft  or  low  steels  approximate,  like  ordinary  wrought  iron,  to  i)ure  iron, 
and  the  hard  or  high  natures  of  steel  approach  cast  iron  in  their  properties. 

Over  wrought  iron  steel  has  always  the  advantage  of  being  homo- 
geneous, but  it  is  unfortunately  uncertain  in  quality,  a  surprising  fact 
when  we  thmk  how  it  is  produced ;  still  it  is  so,  and  we  find  that  ingots 
of  this  metal  of  the  same  chemical  constitution,  produced'  in  the  same 
way  and  from  identical  materials,  often  differ  much  from  one  another  in 
the  properties  of  elasticity  and  tenacity. 

Many  nostrums  have  been  proposed  for  overcoming  this  defect,  which 
appears  to  be  due  to  the  molecular  condition  of  the  metal  as  affected 
during  the  melting  and  the  subsequent  treatment  of  the  ingot. 
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It  is  in  modification  and  imx)rovements  of  the  la  t 
appears  to  lie,  and  already  many  plans  are  being  attempted  for  the 
insurance  of  greater  certainty  in  the  quality  of  steel,  such,  e.  //.,  as  cast- 
ing it  under  i)ressure  to  get  rid  of  the  bubbles  or  blow-holes. 

Steel  will  not,  like  wrought  iron,  stand  a  high  welding  heat,  especially 
if  it  be  of  a  ''hard''  or  "high"  nature.  If  hammered  at  too  great  a 
heat  the  ingot  will  fall  to  pieces. 

After  being  cast,  steel  is  hammered  or  rolled,  and  it  acquires  a  fibrous 
structure  during  this  process,  as  may  be  easily  shown  if  a  bar  of  this 
metal  be  acted  on  by  a  strong  acid. 

When  first  cast,  steel,  excepting  the  higher  varieties,  is  comparatively 
soft  aiul  inelastic,  and  can  thus  be  treated  in  a  similar  manner  to 
wrought  iron ;  but,  with  the  exception  of  the  very  low  or  soft  varieties, 
it  may  be  subsequently  hardened  by  what  is  called  "  tempering,"  when 
the  metal  is  heated  and  plunged  into  mercury,  water,  oil,  or  some  other 
liquid,  in  order  to  cool  it  more  or  less  quickly.  l?he  effect  of  such 
temi^ering  depends  very  much  upon  the  amount  of  carbon  present  in 
the  steel,  as  well  as  upon  the  degree  of  heat  it  is  previously  raised  to, 
and  has  a  marvellous  effect  in  increasing  both  tenacity  and  elastic  limit 
in  the  case  of  good  steel. 

Besides  the  great  uncertainty  of  steel,  we  must  remember  that  it  is 
very  inferior  to  wrought  iron  in  another  important  point,  that  of  being 
easily  weldable.  The  importance  of  this  property  with  regard  to  facil- 
ity and  economy  in  working  large  masses  of  metal  can  hardly  be  exag- 
gerated. 

To  sum  up  the  qualities  of  steel : 

In  tenacity  it  varies,  roughl}'  speaking,  from  30  to  60  tons  per  square 
inch,  and  its  limit  of  elasticity  lies  between  13  and  30  tons. 

The  softer  the  steel  the  more  ductile  it  is,  the  less  readily  can  it  be 
temi^ered,  the  lower  in  its  limit  of  elasticity  and  tenacity.  Other  things 
being  equal,  the  more  rapidly  it  is  cooled  the  harder  it  becomes;  but  at 
the  same  time  the  higher  natures  are  rendered  more  brittle.  When 
cooled  in  a  comparatively  bad  conductor  of  heat,  such  as  oil,  the  mass 
parts  with  its  heat  slowly,  and  is  not  only  made  more  elastic  and  harder, 
but  also  toughened  5  while  in  any  case  the  limits  of  elasticity  and 
tenacity  approach  one  another  more  nearly. 

The  effect  of  tempering  upon  the  metal  is,  of  course,  comparative ; 
thus  experiments  have  shown  that  certain  soft  steels  containing  from 
0.15  per  cent,  to  0.22  per  cent.,  or  0.24  per  cent,  of  carbon,  were  decidedly 
toughened  by  heating  to  a  red  heat,  and  then  being  quenched  in  water.. 
The  steel  used  for  W^oolwich  gun-barrels,  containing  about  0.3  per  cent, 
of  carbon,  would  be  made  very  hard,  but  also  very  brittle,  if  so  heated; 
therefore  it  is  tempered  in  oil,  as  being  a  worse  conductor  of  heat  than 
water,  and  is  thus  toughened. 

This  is  shown  well  by  the  following  table  given  by  Mr.  Kerkaldy : 


Nature  of  specimen. 


1.  Highly  heated  and  cooled  in  water. . 

2.  Highly  heated  and  cooled  slowly  . . . 

3.  Moderately  heated  and  cooled  in  oil 

4.  Highly  heated  and  cooled  in  oil  


Character  of  fracture. 


30        0  Entirely  granular. 

36|  22  Entirely  fibrous. 

53  14J  One-third  granular,  two-thirds  fibrous. 

58        2|  Almost  entirely  granular. 
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Should  tlio  steel  bo  too  Iiij»lily  carbureted,  or  be  in  too  large  a  mass, 
it  is  bable-  to  IVacturc^  (hii  inj?  tiu».  ]>r()eess  of  tou^lKMiin^-. 

NVitli  tbe  lii<;lier  uat urivs  wc  can  obtain  wry  j^reat  Hti'en<;tli  and  elas- 
ticity, tliou^li  we  lose  in  du(;tibty,  and  liaxc.  a  more  brittle  material. 

We  liave  also  the  ^reat  ad\  antn;»e  of  hardness  and  homoj^eueity, 
^•i\  in^-  us,  when  reiiuinul,  a  very  smooth  surface  (|uite  free  from  flaws. 

lJutil  further  imi)rovements  are  made,  the  advautages  are  counter- 
bahiuced  by  great  uucertainty  as  to  the  behavior  of  tlie  material,  es- 
l)ecially  in  the  higher  or  harder  steels.  The  greater  cost  of  steel  of 
sulliciently  good  (|uality  is  also  a  disadvantage  when  we  comi)are  it 
with  wrought  iron. 

The  brittleness  and  uncertainty  of  this  material  prevent  us  employing 
steel  as  a  sole  material  for  any  gun  save  the  small  7-pounder  for  boat  and 
mountain  service.  Although,  however,  steel  is  not  such  a  material  as  we 
as  we  should  employ  for  the  sole  manufacture  of  a  gun,  yet  it  is  admirably 
suited  for  the  inner  bairel,  as  it  is  very  strong  and  gives  a  hard,  clean 
surface,  while  its  limit  of  elasticity  is  high,  so  that  even  a  heavy  strain 
does  not  stretch  it  permanently  and  detbrm  the  bore.  It  may  indeed 
split  if  subject  to  too  great  a  jnessnre  when  not  properly  supported  by 
the  exterior  layers,  but  by  putting  a  wrought-iron  jacket  ontside  we  pre- 
vent any  danger  from  that  cause ;  for,  sliould  the  steel  tube  burst,  the 
wrought-iron  exterior  will  prevent  any  explosive  rupture. 

AMERICAN  METALS  FOR  CANNON. 

Mean  mechanical  properties  of  American  cast  iron,  emptot/ed  in  rifle  guns  of  large  caliber, 
as  determined  by  the  tests  of  a  trial  cylinder,  60  inches  long  with  an  elliptical  base  24 
inches  by  19.5  inches. 


Original  dimensions  of  sped 
mens. 


Area,  1,  001  square  inclies. 


Length,  30"  ;  diameter,  1".385; 
area,  1".5065. 


Length,  10";  diameter,  1". 385; 
area,  l."6065. 

I 

I 

Length,  2";  diameter,  0."8  

Length,  20";  breadth,  1".075; 
depth,  1".075  

Cylinder:  length,  5";  exterior 
diameter,  3" ;  interior  diame- 
ter, 1"  


ITature  of  property. 


Density  

Tenacity  per  square  incli  

ITarduess  

Uardnt'ss  of  copper  

Pulling  stress  per  square  inch  : 

Elastic  limit   pounds. 

LTltimate  resistance  do  . 

Katio  of  elastic  to  ultimate  resistance  per  cent. 

Extension  per  inch  at  elastic  limit  inch.. 

Ultimate  extension  per  inch  do. . 

Ultimate  restoration  per  inch  do. .. 

Ultiinate  set  jXT  inch.   do  . 

Eeduction  in  ;nea  nt  jioint  of  rupture  per  cent.. 

Ultimate  resistance  per  square  inch  fractured  area, 

pounds  

Appearance  of  Iracture :  bright  gray  medium  sized 

crystals. 

Thrusting  stress  per  square  inch : 

Elastic  limit  pounds. . 

Compression  per  inch  at  elastic  limit  inch. . 

Compression  j)er  inch  under  43,000  pounds  do. .. 

Restoration  per  inch  undtr  43,000  pounds  do. . . 

Set  per  inch  under  43,000  pounds  inch.. 

Increase  in  area  of  cross-section  after  43,000  pounds, 

percent  

Absolute  resistance  to  crushing  force  pounds.. 

Bending  stress : 

Transverse  resistance  do... 

Bursting  stress : 


Ultimate  resistance  do. . . 


7.  2771 
33,  875 
18.  46 
3.  33 

9,  750 
31,  000 
31.  45 
0.  00051 
'     0. 00337 
0.  00199 
0.  00163 
0.  215 


31,  065 


8,  200 

0.  00093 
0.  00619 
0.  00344 
0.  00275 

0.  371 
114, 143 


11,  556 


63, 184 


'84  REPORT  OF  THE  CHIEF  OF  ORDNANCE. 

Mechanical  properties  of  steel  manufactured  at  Midvale  Works,  Nicetown,  Fa. 


Origiual  dimensions  of  spec- 
imens. 


Length,  10"  ;  diameter,  0".65. . 

Length,  10";  diameter,  1".165. 

Length,  20" ;  diameter,  2"  X  2" 
Length,  2";  diameter,  0". 8  


Nature  of  property. 


Density  

Tenacity  

Hardness  

Hardness  of  copper  

Pulling  stress : 

Elastic  limit  pounds.. 

Extension  per  inch  at  elastic  limit  inch. . 

Ultimate  resistance.  pounds. 

Ultimate  extension  per  inoh  inch.. 

Ultimate  restoration  per  inch  do. .. 

Ultimate  permanent  set  per  inch  do. . . 

Thrusting  streBs : 

Elastic  limit  pounds . 

Compression  per  inch  at  elastic  limit  inch. 

Compression  per  inch  under  45,000  pounds  per  square 

inch  inch. 

Corresponding  restoration  per  inch  do. . 

Corresponding  permanent  set  per  inch  do. . 

Bending  stress : 

Elastic  limit  poxmds . 

Deflection  at  elastic  limit  inch. 

Deflection  under  25,000  pounds  do.. 

Corresponding  restoration  do. . 

Corresponding  permanent  set  do. . 

Resistance  to  crushing  force  pounds. 


Mean  mechanical  properties  of  American  bar  iron  employed  in  the  fabrication  of  coiled 

wrought-iron  gun-tubes. 


Original  dimensions  of  spec- 
imens. 


Nature  of  property. 


Area,  0".3334. 


Length,  2";  diameter,  0".650: 
area,  square  inch,  0".3318. . . 


Density 


Tenacity  i)er  square  inch,  pounds, 


(Along  the  fiber  . . . 
Across  the  fiber  in 
the  direction  of 
the  piling  

I  Across  the  fiberand 
[   across  the  piling. 


Hardness  

Hardness  of  copper  

Pulling  stress  per  square  inch : 

Elastic  limit   pounds . . 

Ultimate  resistance   do. . . 

Ratio  of  elastic  to  ultimate  resistance  per  cent. . 

Extension  per  inch  at  elastic  limit  inch. . 

Ultimate  axtension  per  inch  do. . . 

Reduction  in  area  at  point  of  fracture  per  cent.. 

Ultimate  resistance  per  square  inch  of  fractured  area, 

pounds  

Appearance  of  fracture  


•  7.6750 
52,  500 


39,  790 

25,  400 

7.  60 
3.  33 

22,  500 
52,  000 
43.  27 
0.  0025 
0.  3100 
47.  95 

99.  9210 
Smoky  gray, 
fibrous. 


Chemical  analysis  of  cast  iron  employed  in  casing  of  12.25-inch  rifle. 


Silicon  

Phosphorus  

Manganeae  . . . 

Copper   

Cobalt  

Nickle  

Chromium  

Aluminum  

Sulphur  

Combined  carbon 

Grraphite  

Oxygen  

Iron,  direct  


Muzzle. 

Breech. 

1. 150 

1.  094 

.362 

.3.55 

.933 

.877 

.008 

.012 

.042 

.049 

.020 

.034 

.016 

.020 

.017 

.011 

.032 

.025 

1.  440 

.079 

2.  018 

2.  955 

0. 178 

0.  069 

94. 192 

94.  647 

100.  408 

100.  227 

*  Determined  by  Capt.  J.  Pitman,  Or  dnance  Department,  U.  8.  A. 
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Silicon  

riiosphorus  

Manfianese  

Cobalt  

Nickel  

Copper   

Chroiuinm  

Alniuinum  


Muzzle. 

Breech. 

.  121 

.  l.')8 

.184 

.202 

.022 

.019  ; 

.044 

.049  |{ 

.013 

.021  i 

.014 

.010  i 

None. 

None. 

.056 

1 

Muzzle.  Hreccli. 


Sulphur  007 

Graphite   .005 

Combined  carbon   .  037 

Oxygen   .601 

Iron  I    t99.  057 


100. 161 


003 
010 


99.  500 


99.  978 


,  *  Determined  by  Capt.  J.  Pitman,  Ordnan(50  Department,  U.  S.  A. 
t  Sla^i  and  oxide  of  iron,  2.178. 

Mechanical  properties  of  United  States  hronze. 


Nature. 


^  Breech  square.. 
I  Gun-head  


U.  S.  Navy  guns 

Do   

{Gun-head  samples. 
ISfc:;::; 
Small  bars  

Reed  brass  (South  Boston  Iron  Company) 
West  Point  foundry  bronze,  for  life- ( 

saving  mortars  I 

South  Boston  Iron  Company  bronze,  ( 
condensed  by  mandreling  { 


Composition. 


90  parts  copper, 
10  parts  tin  


90  parts  copper. 
10  parts  tin  


Copper,  zinc . . . 
90  parts  copper, 

10  parts  tin  

Uncondensed . . 
Condensed  


8.  765 
8.444 


8.  497 

8.  557 
8.  766 
8.  800 
8.  4142 
8.  7972 


8.  3512 
8.  7065 


'3 
a 
a 

H 

Lbs. 
46,  500 
27, 400 
60,  000 
29,  859 
42,  754 


52,  000 
55,  800 
50,  831 


35,  810 
51,  571 


Limit  of  elasticity 
per  square  inch. 

Elongation. 

Hardness. 

Ultimate. 

Elastic. 

Lbs. 

Pr.  ct. 

Pr.  ct. 

*4.57 
5.94 

9,  000 
17,  000 
20, 000 

24 
56 
42 

100 
200 
200 

6.  27 

4.  57 

5.  24 
5. 40 

tl8.  00 

Hardness  of  copper,  3.33.  t  Hardness  of  cast-iron,  18.46. 

Initial  tension,  tenacity,  i^-c,  of  cast-iron  guns  in  service. 


Guns. 


8-iuch  Kodman  S.  B.  muzzle  ring. 


10-inch  Rodman  S.  B.  muzzle  ring. 
13-inch  Rodman  S.  B.  muzzle  ring. 
15-inch  Rodman  S.  B.  muzzle  ring. 
20-iuch  Rodman  S.  B.  muzzle  ring. 
10-inch  Rodman  rifle  


12-inch  Rodman  rifle. 


12-inch  wrought  iron  lined  rifle,  muzzle  ring. 


Ring  from  12.25-inch  experimental  (Thompson)  rifle  ^ 
casing,  muzzle  ring  i  j 

Ring  from  9  inch  experimental  (Sutcliffe)  rifle  cas-  5 
ing,  muzzle  ring  ^ 


Where  taken. 


Outside  

Middle  

...do   

Outside  

Middle  

Inside  

Outside  

Middle  

Inside  

Radial  spec. . . 

Outside  

Middle  

Inside  

Outside  

Middle  

Inside  


7. 1856 

to 
7.  3400 
7. 1590 

to 
7. 4298 


7. 1855 

to 
7.  3820 
7.  3028 
7.  3042 
7.  3024 
7. 2829 
7.  3126 
7.  2929 
7.3145 
7.  3414 
7.  2707 
7.  2943 
7. 2728 
7.  2729 
7. 2836 
7.  2900 
7.  3277 
7.  3039 
7.  2998 


25,  599 

to 
34,  671 
25,  471 

to 


3,  000 

to 
28,  000 


27, 150 

to 
40,  699 
28,  737 
35,  066 
33,  088 
34, 348 
32, 187 
31,  579 
34, 059 
40,  347 
33,  673 
35, 352  , 

33,  881  I  J 

34,  529  i  ) 

30,  711  j  ) 
33, 866  i ) 
36,742 

31,  443 
33,  216 


4,  000 

to 
25,  000 


800 


."ti  o 
2  02 


Per  cL 


:1 


19,  500 


18,  500 


500 


56 


48 
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CAST-IRON  GUNS.* 
STANDARD  OF  IRON. 

Smelting  of  iron  for  cannon. — It  is  in  the  smelting  furnace  that  the 
character  of  the  iron  is  fixed.  Iron  of  good  character  and  high  suscep- 
tibility may  be  spoiled  by  treatment  at  the  foundry ;  but  this,  with  ordi- 
nary experience  and  intelligence,  ought  but  rarely  to  occur.  But  from 
iron  that  leaves  the  smelting  furnace  with  bad  qualities  it  is  impracti- 
cable, with  our  present  knowledge,  to  make  good  and  reliable  guns. 

The  smelting  of  iron  is  a  purely  chemical  process,  and  should  be  con- 
ducted with  the  same  regularity  and  precision  as  any  other  important 
chemical  process.  Though,  with  every  precaution,  perfect  uniformity 
in  the  quality  of  the  iron  produced  from  day  to  day  cannot  be  expected, 
in  consequence  of  the  many  disturbing  causes  which  tend  to  affect  its 
character,  yet  a  near  approximation  to  it  is  practicable. 

All  the  stock  for  a  "blast"  of  gun  iron  should  be  carefully  prepared 
and  housed  before  beginning  to  "  blow."  The  ore  should  all  be  roasted 
and  well  mixed  so  as  to  be  as  nearly  uniform,  as  to  size  of  lumps  and 
all  other  qualities,  as  possible.  The  charcoal  should  all  be  made  as 
nearly  as  possible  from  the  same  kind  of  wood,  and  well  mixed  together 
after  charring.  All  the  stock  should  be  carefully  weighed  and  supplied 
to  the  furnace  at  regular  intervals  of  time. 

The  pressure,  temperature,  and  hygrometrical  condition  of  the  "blast" 
should  be  kept  as  nearl}^  constant  as  possible.  The  temperature  of  the 
blast  may  be  kept  very  nearly  constant  without  using  what  is  termed  a 
"  hot  blast,"  by  warming  it  just  enough  to  bring  it  above  the  highest 
s  ummer  temperature. 

The  quantity  of  moisture  may,  it  is  believed,  be  kept  nearly  constant 
by  passing  the  blast  some  distance  over  water  heated  to  the  proper  tem- 
l)erature.  And  this  may  be  readily  done  by  passing  the  blast  through 
a  long  horizontal  tube,  like  a  cylindrical  steam  boiler,  partly  filled  with 
water,  and  kept  at  a  constant  temperature  by  the  waste  heat  from  the 
furnace.  The  temperature  of  the  water  should  be  such  as  to  saturate 
the  blast  with  moisture,  and  thus  render  it  hygrometrically  independent 
of  atmospheric  changes. 

Piling  the  pigs. — Supposing  a  standard  of  quality  to  have  been  deter- 
mined, with  the  stock  all  prepared  for  a  given  number  of  guns,  and 
having  determined  by  comparison  with  the  stmidard  the  quality  of  iron 
required,  a  further  approximation  to  identity  in  quality  of  the  metal  in 
the  guns  may  be  made  by  casting  each  run  of  metal  from  the  smelting 
furnace  into  a  number  of  pigs  of  equal  size,  something  greater  than  the 
number  of  guns  to  be  made,  and  piling  them  in  separate  piles — each  run 
of  metal  furnishing  one  pig  to  each  pile.  Each  pile  should  contain  iron 
enough  for  one  gun  and  one  test  cylinder,  and  be  kept  separate  and  dis- 
tinct from  all  others  in  transportation,  and  be  replied  in  the  foundry- 
yard  in  the  same  order  as  at  the  smelting  furnace;  one  gun  being  made 
from  each  pile^  after  the  treatment  which  the  iron  should  receive  at  the 
foundry  shall  have  been  determined  by  experiments  made  on  the  iron 
in  the  surplus  piles.  The  pigs  should  be  cast  in  molds  i)repared  from  a 
pattern,  so  as  to  be  as  smooth  and  free  from  adhering  sand  as  possible. 

Difference  in  quality. — The  quality  of  the  iron  is  much  modified,  and 
ordinarily  improved,  by  remelting  and  long  continuance  in  fusion.  But 
all  kinds  of  iron  are  not  affected  in  like  manner  by  the  process.  The 
difference  between  the  iron  as  it  exists  when  presented  for  use,  and  as 


*  References :  Rodman,  Wade,  Mallet,  Benton,  Holley. 
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it  exists  iu  the-  body  of  the  linished  j;ini,  is  very  f^rejit,  and  lias  been 
round  to  bo,  in  certain  eases,  more  than  twenty  jionnds  \h)v  enbi(5  foot  iu 
density,  ami  in  tenacity  as  1  to  2.8.  Tliis  shows  liow  nnn^liable  the  tests 
of  Mie  pi^  iron  are,  as  nutans  for  deterniinin*;'  the  ([iiality  of  iron  and  its 
suitableness  for  injikin<»'  cannon.  It  is  found  that,  thouj^li  some  kinds 
ol"  ii'on  are  susceptible  of  very  ^reat  improvement  by  different  methods 
ol'  treatment  at  the  foundries,  other  kinds  are  at  their  maximum  strougth 
ill  the  crude  i)igs.  The  cause  of  this  ditfereiice  in  the  susceptibility  for 
cliangeand  improvement  will  doubtless  be  found  in  the  qualities  of  ores 
used,  and  in  the  i)rocess  of  melting  them. 

In  examining  the  effects  of  the  ditferent  treatment  of  iron  at  the  fouu- 
dry,  such  sam])les  should  be  chosen  as  will  best  exhibit  the  following 
particulars  and  characteristi(?s,  viz  : 

1st.  The  properties  which  distinguish  the  different  grades  of  iron 
made  from  tlu^  same  ores  at  the  same  furnace. 

2d.  The  changes  in  the  mechanical  properties  of  iron  produced  by 
repeated  meltings  of  one  of  these  grades,  separately,  showing  the 
changes  effected  at  each  melting. 

3d.  The  changes  produced  by  repeated  meltings  of  the  different 
grades  of  iron  mixed. 

4th.  The  changes  produced  in  iron  of  the  same  melting  and  quality 
by  casting  it  into  masses  of  different  bulk,  and  by  different  methods  of 
cooling. 

The  softest  kinds  of  iron  will  endure  a  greater  number  of  meltings 
with  advantage  than  the  higher  grades.  It  appears  from  experiments 
with  (Ireenwood  iron,  that  when  it  is  in  its  best  condition  for  casting 
into  proof  bars  of  small  bulk,  it  is  then  in  a  state  which  requires  an  ad- 
ditional fusion  to  bring  it  up  to  its  best  condition  for  casting  into  the 
massive  bulk  of  cannon. 

In  selecting  and  preparing  for  cannon,  we  may  proceed  by  repeated 
fusion,  or  by  varying  the  proportions  of  the  different  grades  and  dif- 
ferent fusions  until  the  maximum  tenacity  is  attained. 

Variation  of  density  a7id  tenacity. — An  increase  of  density^  is  a  conse- 
quence which  invariably  follows  the  rapid  cooling  of  cast  iron,  and,  as 
a  general  rule,  the  tenacity  is  increased  by  the  same  means.  The  density 
and  tenacity  usually  vary  in  the  same  order.  It  appears  that  the  te- 
nacity generally  increases  quite  uniformly  with  the  density,  until  the 
latter  ascends  to  some  given  point;  after  which  an  increased  density  is 
accompanied  by  a  diminished  tenacity. 

The  tui'uing  point  of  density  at  which  the  best  qualities  of  gun-iron 
attain  their  maximum  tenacity,  apj)ears  to  be  about  7.30.  At  this  point 
of  density,  or  near  it,  whether  in  proof-bars  or  gun-heads,  the  tenacity 
is  greatest. 

.  As  the  density  of  iron  is  increased  its  liquidity  when  melted  is  dimin- 
ished. This  causes  it  to  congeal  quickly,  and  to  form  cavities  in  the 
interior  of  the  castings. 

If  in  preparing  iron  for  guns  it  is  carried  too  high,  either  by  long  con- 
tinuance in  fusion  or  by  using  a  large  portion  of  a  hard  grade  of  iron, 
the  casting  will  be  lost. 

High  iron. — The  condition  of  the  iron  at  casting  is  said  to  be  too  high 
when  the  process  of  decarbonization  has  been  carried  too  far. 
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J'arious  qualities  of  cannon  metals. 


Metals. 


Cast  iron  

"Wrought  iron 

Bronze  

Cast  steel  — 


S  least   

^  greatest . . 

I  least  

}  greatest. . 

( least   

I  greatest.. 

I  least  

)  greatest. . 


6.  900 

7.  400 
7.  704 
7.  858 

7.  978 

8.  953 
7.  729 
7.  862 


9,  000 
45,  970 
38,  027 
74,  592 
17,  698 
56,  786 


5,  000 
11,  500 

6,  500 


128,  000 


23,  000 


A  prominent  feature  of  this  table  is  tbat  which  shows  the  great  dif 
ference  between  the  lower  and  higher  grades  of  the  same  metal.  In 
cast  iron,  the  density  differs  as  6.9  to  7.4,  a  difference  equal  to  31  pounds 
per  cubic  foot ;  in  tenacity  it  differs  as  45,970  to  9,000  pounds  per  square 
inch,  or  as  five  to  1 ;  and  in  hardness  as  7  to  1.  The  bronze  varies  in 
tenacity  from  56,786  to  17,698,  more  than  3  to  1 ;  and  in  density  it  is  as 
8.953  to  7.978,  equal  to  61  pounds  in  the  cubic  foot. 

Comparison  ivith  standard. — While  the  cannon  are  making,  the  inspect- 
ing officer  examines  and  tests  the  metal  before  it  is  used,  witnesses  its 
melting  and  casting,  and  tests  the  metal  in  the  first  gun  made  before 
the  second  one  is  cast.  If  the  first  proves  unsatisfactory,  such  changes 
are  made,  either  in  the  material  or  in  the  treatment,  as  will  tend  to  pro- 
duce the  desired  result.  This  practice  of  ascertaining  the  quality  of 
the  material  used,  and  of  the  casting  made  from  day  to  day,  as  the 
work  proceeds,  enables  the  founder  to  distinguish  the  material,  to  select 
those  of  the  best  quality,  and  to  treat  them  in  the  best  manner.  If 
these  tests  are  satisfactory,  the  inspecting  officer  is  assured  of  the  good 
quality  of  the  guns  before  any  proof  by  firing  is  made.  And  this  super- 
sedes the  necessity  of  using  excessive  proof-charges  in  the  final  ])roof, 
which  may  do  serious  and  fatal  injury  to  guns  without  bursting  them  or 
leaving  any  visible  marks  of  injury. 

Means  of  comparison. — The  testing  instrument  furnishes  to  the  found- 
ers a  convenient  and  accurate  method  of  comparing  the  qualities  of  iron. 
It  therefore  enables  him  to  select  his  materials  before  casting  with 
greater  certainty  and  safety.  He  can  also  by  these  means  determine 
the  comparative  utility  of  different  methods  of  melting  and  casting  the 
gun.  As  the  quality  of  the  iron  is  essentially  changed  by  the  different 
ways  of  treating  it  while  in  the  melted  state,  and  by  the  different  means 
adopted  for  cooling  it  after  it  is  cast  into  the  mold,  the  testing  instru- 
ment enables  one  to  ascertain  the  effect  produced  by  these  processes  in 
all  their  several  stages  of  progress,  and  to  decide  ii-pon  that  which  is 
found  most  suitable  for  making  the  guns  of  the  best  quality. 

Contract  tvith  founders. — The  metal  of  guns  made  for  service  is  sub- 
jected to  tests  to  ascertain  its  hardness,  specific  gravity,  and  tensile 
strength. 

The  particular  hardness,  density,  and  strength  which  the  metal  must 
possess,  is  specified  in  the  special  contracts  with  the  founder. 

Each  foundry  keeps  an  accurate  record  of  the  character,  mixture,  and 
mode  of  working  the  metal  of  each  gun,  so  that  its  foundry  number  will 
at  once  refer  to  its  class,  date,  weight,  &c. 

Sa7nples. — The  quality  of  the  iron  as  it  exists  in  the  gun  is  more  accu- 
rately represented  by  samples  taken  from  its  sinking-head  than  by  any 
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which  can  be  obtained  from  other  i)arts  of  the  casting  withont  injury  to 
the  f?un.  Thei^e  sanii)les  are  taken  from  the  lower  end  of  tlie  sinking- 
head  next  the  mnz/Je  of  the  j;un,  and  are  cut  out  so  that  tlieir  axis  will 
be  parallel  to  the  axis  of  the  castings,  at  a  distance  from  the  center  of 
the  head  eciual  to  tlie  distance  between  the  axis  of  the  bore  and  the 
middle  of  the  metal  in  the  Avall  of  the  i)iece  when  bored. 

When  guns  burst  from  extreme  ])roof,  samples  are  taken  from  ditfer- 
ent  i){irts  to  test  the  strength  of  the  metal.  The  radial  specimens  are 
generally  found  to  be  somewhat  stronger  than  the  longitudinal  from  the 
same  cross-section  of  the  gun. 

Crystallization . — Of  the  various  circnmstances  which  attect  the  strength  . 
of  cannon  metal,  the  most  im])ortant  api)ear  to  be  those  wiiich  con- 
nect themselves  with  crytallization. 

Qeneral  laiv. — It  is  a  law  of  the  niolecnlar  aggregation  of  crystalline 
solids,  that  when  their  particles  consolidate  under  the  influence  of  heat 
in  motion,  their  cr^^stals  arrange  and  group  themselves  with  tlieir  prin- 
cipal axes  in  lines  perpendicular  to  the  cooling  or  heating  surfaces  of 
the  solid ;  that  is,  in  the  lines  of  direction  of  the  heat-wave  in  motion, 
which  is  the  direction  of  least  pressure  within  the  mass ;  and  this  is 
true,  whether  in  the  case  of  heat  passing  from  a  previously  fused  solid 
in  the  act  of  cooling  and  crystallizing  on  consolidation,  or  of  a  solid 
not  having  a  crystalline  structure,  but  capable  of  assuming  one  upon 
its  temperature  being  sufficiently  raised,  by  heat  applied  to  its  external 
surfaces,  and  so  passing  into  it. 

Molecular  constitution  of  cannon  metals. — The  metals  used  in  gun- 
construction  are  crystallizing  bodies,  which  in  consolidating  obey,  more 
or  less  perfectly,  according  to  their  conditions,  this  law ;  so  that  in  cast- 
ings of  these  metals,  the  planes  of  crystallization  group  themselves 
perpendicularly  to  the  surfaces  of  external  contour  5  that  is,  in  tlie  di- 
rections in  which  the  heat  of  the  fluid  metal  has  passed  outwards  from 
the  body  in  cooling  and  solidifying.  Because  the  crystals  of  these 
metals  are  always  small  and  are  never  very  well  pronounced,  these  direc- 
tions are  seldom  very  apparent  to  the  eye,  but  they  are  not  the  less  real. 

Development  of  crystals. — Their  development  depends  upon — 

First.  The  character  of  the  metal  itself ;  all  irons  that  present  a 
coarse,  large-grained,  dark,  or  spangled  fracture,  contain  a  large  pro- 
portion of  uncombined  carbon  or  graphite,  and  form  in  castings  of  equal 
size  the  largest  crystals. 

Second.  The  size  or  mass  of  the  castings,  the  largest  castings  pre- 
senting for  any  given  variety  of  metal  the  largest  and  coarsest  aggre- 
gation of  crystals ;  but  by  no  means  the  best  arrangement  of  them 
which  depends  chiefly  upon — 

Third.  The  rate  at  which  the  mass  of  the  casting  has  cooled,  and  the 
regularity  with  which  heat  has  been  carried  off  by  conduction  from  its 
surfaces  to  that  of  the  mold  adjacent  to  them. 

Chilled  castings. — Those  castings  in  which  the  fluid  iron  is  poured  into 
a  nearly  cold  and  very  thick  mold  of  cast  iron,  whose  high  conducting 
power  rapidly  carries  off  the  heat,  presents  the  most  complete  and  per- 
fect development  of  the  crj^stalline  structure  perpendicular  to  the  chilled 
surfaces  of  the  casting.  In  such,  crystals  are  often  found  penetrating 
more  than  an  inch  into  the  substance  of  the  metal,  clear  and  well  defined. 

Illustrations. — These  prevailing  directions  of  crystalline  arrangement 
may  be  made  more  clear  to  the  eye  by  the  accompanying  figure,  which 
shows  sections  of  a  round  and  a  square  bar  of  cast  iron  where  the  crys- 
tallization is  well  developed.  In  the  round  bar  the  crystals  all  radiate 
from  the  center  j  in  the  square  bar  they  are  arranged  perpendicularly 
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to  the  four  sides,  aud  hence  have  four  Hues  in  the  diagonals  of  the  square 
in  which  the  terminal  planes  of  the  crystals  abut  or  interlock,  and  about 
which  the  crystallization  is  always  confused  and  irregular.  The  result 
of  this  arrangement  is  to  create  planes  of  weahiess  where  the  different 
systems  of  crystals  intersect. 


Effect  of  erystaJJization  on  strength. — The  size  and  arrangement  of  the 
crystals  of  a  metal  have  an  important  influence  on  its  strength.  This 
arises  from  the  fact  that  the  adhesion  of  the  crystals  by  the  contact  of 
their  faces  is  less  than  the  cohesion  of  the  x)articles  of  the  crystals  them- 
selves, and  that  consequently  rupture  takes  place  along  the  larger  or 
principal  crystalline  faces.  A  metal  will  therefore  be  strongest  where 
its  crystals  are  small. 

Size  of  crystals. — The  size  of  the  crystals  of  a  particular  metal  depends 
on  the  rate  of  cooling  of  the  heated  mass ;  the  most  rapid  cooling  giving 
the  smallest  crystals.  The  size  of  the  crystals  or  coarseness  of  grain  in 
castings  of  iron  depends  for  any  given  maJce  of  iron  and  given  mass  of 
castings  upon — 

First.  The  high  temperature  of  the  fluid  iron  above  that  just  necessary 
to  its  fusion,  which  influences — 

Second.  The  time  that  the  molten  mass  takes  to  cool  down  and  assume 
again  the  solid  state. 

The  lower  the  temperature  at  which  the  fluid  iron  is  poured  into  the 
mold,  and  the  more  rapidly  the  mass  can  be  cooled  down  to  solidification 
the  closer  will  be  the  grain  of  the  metal,  the  smaller  its  crystals,  the 
fewer  and  least  injurious  the  planes  of  weakness,  and  the  greater  the 
specific  gravity  of  the  castings. 

Slow  cooling  develops  a  coarse,  uneven  grain,  with  large  but  thor- 
oughly irregular  and  confused  crystallization ;  cast  iron  with  such  a  grain 
is  never  strong  or  cohesive,  though  soft  and  extensible. 

The  more  rapidly  a  casting  once  consolidated  can  be  cooled,  without 
introducing  injurious  effects,  the  finer,  closer,  and  more  even  will  be  its 
grain  on  fracture,  and  with  any  given  metal  the  greater  will  be  its 
strength.  The  rate  of  cooling  cannot  be  accelerated  beyond  a  moderate 
limit.  If  this  limit  be  exceeded,  as  by  casting  in  a  cold,  thick,  highly 
conducting  metallic  mold,  the  iron  is  "chilled,-'  its  constitution  changed, 
and  the  carbon,  not  having  time  to  crystallize  out,  remains  combined  or 
diffused  through  the  mass.  It  should  not  be  so  fast  as  to  cause  unequal 
contraction,  nor  must  it  be  so  fast  in  large  castings,  such  as  guns  re- 
quiring to  be  "  fed''  from  a  feeding  or  sinking  head,  with  fresh  portions 
of  hot  fluid  metal  during  consolidation  to  fill  up  the  internal  cavities  or 
porosity  due  to  contraction  and  crystallization,  that  this  filling  cannot 
be  accomplished. 

The  larger  the  mass  of  the  casting,  with  any  given  quality  of  iron, 
generally  the  coarser  is  the  grain,  that  is,  the  larger  are  the  crystals 
that  develop  themselves  in  the  mass. 

The  same  metal  that  shall  produce  a  fracture  bright  gray,  mottled, 
and  without  a  crystal  visible,  in  a  small  bar,  will  in  a  large  casting  pro- 
duce a  dark  confusedly  crystalline  surface  of  fracture  as  coarse  as 
granite  rock. 

Contraction  of  castings. — A  certain  amount  of  contraction,  on  becom. 
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iiiu  solid  fVoMi  the  liquid  state,  occiirs  in  all  castings.  For  iron  this  is 
\  ;n  ial)lo  and  dcpiMids  upon  the  mass  of  the  eastinf»s,  ])eing  j^reatest  for 
small  and  least  lor  lart^c  eiistin<>s,  of  the  same  make  ol'iron,  and  poured 
;it  the  same  temperature.  Therc^  are  two  conditions  that  ])rin(apally 
alVect  the  degree  of  contraction,  nanu^ly,  the  extent  to  whit^h  the  fluid 
metal  as  entering  the  mold  has  been  expanded  by  elevation  of  temper- 
ature, and  the  state  of  linal  aggTegation  of  the  particles,  depending  upon 
(he  size  of  the  mass. 

l'J(fh't  of  sudden  vlmmje  or  form  in  easfinffs. — Sudden  changes  of  form 
or  of  dimensions  in  the  ])arts  of  cast  guns,  besides  the  injury  they  do 
to  the  crystalline  structure  of  the  nniss,  introduce  violent  strains,  due 
lo  the  unequal  contraction  of  the  adjoining  parts  whose  linal  contraction 
lias  been  different. 

Time  required  for  cooling  castings. — The  enormous  time  required  by  a 
large  casting  for  cooling  is  not  generally  known.  A  solid  casting  siif- 
liciently  large  for  a  15-inch  gun  weighs  about  35  tons  ;  it  is  red  hot  three 
days  after  having  been  cast,  and  only  becomes  cold  enough  to  handle 
alter  a  fortnight. 

The  cooling  of  a  casting  must  be  uniform  so  far  as  uniformity  is  pos- 
sil)le.  This  is  impossible  strictly  in  any  casting  ;  the  approach  to  it  is 
most  difhcult  in  heavy  solid  castings,  and  hence  the  great  advantage  of 
:he  i)ractice  of  hollow  casting  upon  a  suitablj^  made  core  admitting  of 
internal  cooling  by  artificial  means. 

Effects  of  irregidar  cooling  of  castings. — The  contraction  of  cast  iron  in 
■  x'comingsolid  introduces  strains  into  themass  by  consolidation  of  one  por- 
I  ion  of  the  casting  before  another.  When  a  large  gun  is  cast  solid  and  the 
metal  cools  in  the  ordinary  way,  the  external  portions  solidify  long 
oetbre  the  interior  has  ceased  to  be  liquid,  and  the  process  of  solidifica- 
tion is  propagated,  as  it  were,  in  parallel  layers  from  the  outside  to  the 
center  of  the  mass.  When  the  first  layer  or  thickness  of  solid  crust  has 
formed  on  the  exterior  it  forms  a  complete  arch  all  round,  so  that  the 
contraction  between  fluidity  and  solidification  of  each  subsequent  layer 
is  accommodated  by  portions  of  matter  withdrawn  radially  from  the  in- 
terior towards  the  still  cooling  exterior,  that  is  to  say,  from  a  smaller 
towards  a  larger  circumference.  The  final  effect  of  this  propagated  to 
the  center  of  the  mass  is  twofold  : 

First.  To  produce  a  violent  state  of  internal  tension  in  the  particles 
of  the  metal  in  radial  lines  from  the  axis  of  the  gun  inward  as  a  cylin- 
der, tending  to  tear  away  the  external  portions  of  the  mass  from  the 
internal  nucleus. 

Second.  To  produce  about  the  center  or  along  the  axis,  a  line  of  weak- 
ness, and  one  in  which  the  texture  of  the  metal  is  soft,  porous,  and  of 
extremely  low  specific  gravity. 

The  effect  of  this  unequal  contraction  may  be  so  great  as  to  crack  the 
interior  metal  of  cast-iron  cannon,  even  before  it  has  been  subjected  to 
the  force  of  gunpowder,  and  large  masses  of  iron  Avhich  have  been  cooled 
very  rapidly  by  casting  them  in  iron  molds  have  been  known  to  split 
open  longitudinally  from  no  other  cause  than  the  enormous  strains  to 
which  they  are  subjected. 

Sinking  head. — Guns  have  long  been  cast  in  a  vertical  position  and 
with  a  certain  amount  of  head  of  metal  above  the  topmost  part  of  the 
gun  itself.  From  this  head  the  casting  is  fed  with  fresh  portions  of 
fluid  metal  during  consolidation ;  it  also  affords  a  gathering  i^lace  for 
all  scoria  or  other  foreign  matter.  But  the  great  value  of  increased 
head  of  metal  is  in  adding  to  the  density  of  castings  and  so  also  to  their 
strength.    Fineness  of  grain,  smallness  of  crystal,  density,  increased 


92 


REPORT  OF  THE  CHIEF  OF  ORDNANCE. 


cobesiou,  and  elasticity  are  all  induced  by  casting  under  largely  increased 
statical  heads  of  fluid  metal. 

Practical  treatment  in  fusion. — In  the  practical  treatment  of  iron  in 
fusion  while  i)reparing  it  for  casting  into  cannon,  it  may  be  safely  con- 
tinued in  fusion,  with  increasing  imi^roveraent  of  its  quality,  so  long  as 
sufficient  liquidity  is  retained  to  insure  an  exemption  from  cavities  in 
the  interior  of  the  casting.  The  point  at  which  such  cavities  of  a  fatal 
character  will  form,  will  be  reached  before  arriving  at  the  point  of  den- 
sity for  maximum  tenacity. 

Tests  while  in  fusion. — A  convenient  method  for  determining  the  con- 
dition of  the  iron  while  in  fusion,  and  whether  it  has  arrived  at  the 
proper  condition  before  casting,  or  should  be  longer  continued  in  fusion, 
is  found  in  dipping  from  the  melted  pool  of  iron  and  casting  into  small 
bars,  about  10  inches  long,  and  from  1  to  2  inches  square  at  one  end 
and  tapering  to  a  point  at  the  other  end.  The  first  one  is  taken  from 
the  furnace,  and  cast  soon  after  the  iron  is  all  melted,  and  others  are 
cast  at  such  intervals  afterwards  as  may  be  judged  proper.  They  are 
cast  vertically,  point  downwards,  in  sand  molds,  and  cooled  rapidly. 

Proof-bars  are  cast  at  different  times  while  the  metal  is  in  fusion.  They 
are  broken  in  different  places,  and  the  condition  of  the  iron  is  judged  by 
the  appearance  of  the  several  fractures.  These  fi  actures  will  exhibit  vari- 
ous aspects,  from  white  at  the  small  end  to  dark  gray  at  the  large  end ; 
and  the  bars  cast  at  the  latter  periods  of  the  fusion  will  exhibit  the 
white  at  a  greater  distance  from  the  small  end,  and  the  mottle,  bright 
and  lighter  shades  will  be  found  advancing  towards  the  large  end. 
This  method,  although  much  less  reliable  than  that  of  an  actual  measure 
of  density  and  strength,  is  convenient,  because  of  its  ready  ai)plication 
at  short  intervals,  while  the  iron  is  in  fusion,  and  a  practiced  eye  will 
soon  be  able  to  mark  the  progress  of  the  changing  quality  of  the  iron, 
and  to  determine  the  proper  time  for  casting  the  gun. 

Effect  of  age  on  endurance. — In  process  of  time,  a  gradual  adjustment 
of  the  internal  strains  produced  in  cooling  cast  pieces  takes  place ;  like 
many  other  substances,  iron  i^ossesses  the  property  of  accommodating 
itself  to  this. 

Improvement  in  castings. — The  principal  improvement  in  the  fabrica- 
tion of  cast-iron  guns  is  General  Eodnian's  process  of  cooling  them  as 
far  as  possible  from  the  interior,  and  for  this  purpose  casting  them 
hollow.  The  design  is  to  remedy  the  various  defects  of  the  old  process ; 
principally  to  obviate  the  tendency  of  solid  castings  to  burst  by  their 
own  initial  strains,  by  reversing  the  process  of  cooling  and  shrinking 
described  above.  Since  there  would  then  be  no  force  opposed  to  the 
contraction  of  the  inner  layers  of  metal,  except  the  trifling  cohesion  of 
the  liquid  or  pasty  mass  that  they  shrink  away  from,  they  would  not  be 
left  in  tension,  and  therefore  they  could  not  exert  any  power  to  pull  the 
exterior  layers  into  compression.  The  method  employed  is  to  carry  off 
the  internal  heat  by  i:)assing  a  stream  of  water  through  a  hollow  core, 
inserted  in  the  center  of  the  mold  cavity  before  casting,  and  to  sur- 
round the  flask  with  a  mass  of  burning  coals  to  prevent  too  rapid  radia- 
tion from  the  exterior. 

Extensive  trials  have  been  made  to  test  the  merits  of  this  plan,  and 
the  results  show  that  cast-iron  cannon  made  by  it  are  not  only  stronger 
but  are  less  liable  to  enlargement  of  the  bore  from  continual  firing,  the 
surface  of  the  bore  being  the  hardest  and  densest  part  of  the  casting,, 
and  best  calculated  to  resist  pressure  and  abrasion. 

Standard  of  quality. — Before  proceeding  to  manufacture  cannon  in 
quantity,  a  trial  gun  may  be  made  and  exposed  to  extreme  proof  with 
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service  char^vs.  Al'ter  undor^^oiiig  (liis  ])r(K)f  in  Ji  satislUctory  iiuiimer, 
the  tiisil  «;un  slioiild  serve  as  ;i  standard,  and  the  i)roi)ortioiis  of  the 
several  kinds  ol'  metal  nsed,  and  the  methods  enji)l()yed  in  the  mannfac- 
ture  shonld  be  followed  in  all  respects  in  the  fabrieation  of  other  gnns. 

With  the  trial  ^^un  should  be  east  a  sample  (jnn^  or  a  cylinder  of  e(|iial 
^liameter,  and  at  least  half  the  length  of  the  j;n]i,  fiom  which  test  spec- 
imens slnmhl  be  cut  and  tested.  The  sami)le  j>un  or  cylinder  should  be 
of  the  same  diameter  as  the  <»'uns  to  be  made,  and  should  be  made  under 
the  same  circumstances  which  are  to  attend  the  preparation  of  the  iron 
for,  and  the  casting-  and  cooling-  of,  the  guns  themselves.  The  object  of 
the  sainjde  is  to  obtain  specimens  which  have  not  been  subjected  to 
l)revious  strain  and  vibration,  as  would  be  the  case  if  taken  from  the 
fragments  of  the  broken  trial  gun.  For  it  is  impossible  to  reason  back 
to  what  wouUl  ha^  e  been  either  the  capacity  for  work,  or  work  due  to 
•elasticity  of  an  unstrained  specimen,  by  knowing  to  what  extent  these 
properties  were  possessed  by  that  si)ecimen  after  it  had  been  subjected 
to  both  strains  and  vibrations  of  unknown  intensity  and  number.  And 
although  it  is  interesting  to  know  to  what  extent  these  proi)erties  are 
possessed  by  the  fragments  of  a  worn-out  gun,  yet  it  would  be  of  far 
greater  practical  utility  and  importance  to  know  the  value  of  these 
properties  in  the  new,  untried  guns.  Specimens  thus  obtained  would 
afford  reliable  results,  and  in  connection  with  the  powder-proof,  with 
service  charges  of  guns  cast  at  the  same  heat,  these  results  w^ould  be- 
come standards. 

DESCRIPTION  OF  THE  PROCESS  OF  MANUFACTURINO  CAST-IRON  CAN- 
NON UPON  THE  RODMAN  PLAN. 

All  heavy  cast-iron  cannon  manufactured  for  the  laud  service  of  the 
United  States  are  cast  upon  the  Rodman  plan.  This  plan  consists  in 
cooling-  the  casting  from  the  interior,  and  is  effected  by  the  insertion  of 
a  hollow  core  in  the  center  of  the  mold  cavity,  through  which  a  stream 
of  water  or  current  of  air  circulates,  carrying  off  the  internal  heat. 
The  radiation  of  heat  from  the  exterior  of  the  casting  is  meanwhile  re- 
tarded by  keeping  the  outside  of  the  tlask  hot  with  surrounding  fires. 
Extensive  trials  have  demonstrated  the  superiority^  of  cannon  cast  on 
this  plan  over  those  which  are  cast  solid.  The  several  operations  in 
the  manufacture  of  cast-iron  cannon  are  molding^  casting^  cooling^  and 
finishing. 

Molding. 

Molding  is  the  process  by  which  a  cavity  of  the  form  of  the  gun  is 
obtained  by  imbedding  a  model  in  sand  and  then  withdrawing  it. 
.  The  model  of  a  gun  (Plate  IX,  Fig.  1),  technically  termed  pattern^ 
is  usually  constructed  of  wood  made  in  as  many  sections  and  i^arts  as 
may  be  necessary  to  admit  of  its  being  easily  withdrawn  from  the  mold. 

The  sections  of  the  pattern  for  the  breech  and  reinforce  are  made  with 
diameters  exceeding  very  slightly  those  of  the  finished  gun,  while  the 
diameters  of  the  sections  for  the  chase  are  largely  in  excess.  The 
breech  section  is  provided  with  a  cascabel  for  supporting  the  gun  in  the 
lathe  while  being  turned  and  bored.  The  patterns  of  the  trunnions  are 
attached  in  their  places  by  wooden  pins,  which  can  be  easily  withdrawn 
when  it  becomes  necessary  to  detach  the  patterns.  The  several  sections 
of  the  pattern  for  the  body  of  the  gun  are  made  with  a  slight  taper  to 
facilitate  their  withdrawal. 

The  pattern  for  the  chase  of  the  gun  is  made  considerably  longer  than 
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the  required  length  of  that  part,  to  provide  a  siukiDg-head  "  which,  when 
the  gun  is  cast,  receives  the  scoria  of  the  melted  metal  as  it  rises  to  the 
surface,  and  also  furnishes  the  metal  required  to  feed  the  shrinkage 
caused  by  the  cooling  of  the  casting. 

The  sand  used  for  the  molding  composition  should  be  principally^  of 
silex,  very  refractory,  commonly  called  sharp-sand.  When  not  suffi- 
ciently refractory  it  is  vitrified  by  the  high  temperature  of  the  melted 
metal,  and  protuberances  are  formed  upon  the  casting  which  are  re- 
moved with  great  difficulty. 

To  prepare  the  composition  for  use  the  sand  is  carefully  sifted,  then 
properly  mixed  and  moistened  with  water  in  which  clay  has  been  stirred, 
or  with  the  refuse  of  distillery  wash  called  returns." 

Great  care  is  required  in  securing  the  proper  degree  of  cohesiveness 
in  the  composition,  as  it  must  be  sufficient  to  enable  the  mold  to  preserve 
its  form  in  handling,  and  not  so  much  as  to  cause  it  to  be  injured  by 
contraction  in  drying.  It  is  considered  sufficiently  cohesive  when  it  will 
retain  its  form  when  taken  in  a  moist  state  and  squeezed  in  the  hand. 

The  same  composition  may  be  repeatedly  used  in  molding,  but  as  its 
cohesive  property  is  destroyed  by  the  heat  to  which  it  is  exposed,  it 
must  be  reprepared  in  the  same  manner  as  when  first  formed. 

The  mold  is  formed  in  a  cast-iron  case  called  ?^flaslc  (Plate  IX,  Figs 
2  and  3),  which  is  usually  made  in  sections  corresponding  in  number  and 
length  to  those  of  the  pattern.  These  sections  consist  of  two  pieces 
which,  when  united,  are  circular  in  cross-section,  excepting  two  slight 
enlargements  opposite  each  other  for  the  formation  of  the  channels  or 
side  gates  "  for  the  metal  to  pass  down.  The  pieces  are  flanged  at  the 
edges,  fastened  \>y  bolts,  and  additionally  secured  by  clamps  over  the 
flanges. 

The  trunnion  sections  of  the  flask  are  fitted  with  trunnion  boxes  which 
have  movable  plates  at  their  ends  for  the  purpose  of  introducing  the 
trunnion  patterns  and  facilitating  the  formation  of  that  part  of  the 
mold. 

The  several  sections  are  so  constructed  as  to  be  united  to  each  other 
in  their  regular  order  by  means  of  clamps  over  the  flanges  at  the  top 
and  bottom.    (Plate  IX.) 

To  form  the  mold  the  lower  or  breech  section  of  the  flask  is  placed 
upon  an  iron  plate  in  an  upright  position,  the  corresponding  section  of 
the  pattern  introduced  and  centered ;  the  si^ace  between  the  pattern 
and  the  flask  filled  with  molding  composition,  which  is  rammed  down  in 
thin  layers  around  the  pattern  until  the  section  is  comifleted.  The  pat- 
terns for  the  side  gates  and  their  branches  for  conveying  the  metal  into 
the  mold  are  introduced  as  the  Avork  progresses. 

After  the  mold  for  the  lower  section  is  finished  the  next  section  of  the 
flask  is  placed  upon  it  and  secured,  the  corresponding  section  of  the 
pattern  introduced,  fitted  with  dowels,  which  enter  the  breech  section 
and  hold  it  accurately  in  place.  The  molding  is  continued  with  this 
section  as  with  the  first,  and  when  completed  it  is  lifted  ofl',  the  pattern 
being  left  in  the  mold. 

The  third  section  of  the  flask,  which  is  usually  the  trunnion  section, 
is  then  placed  upon  the  second  and  secured,  and  the  pattern  adjusted 
in  the  same  way  as  before.  The  trunnion  i^atterns  are  attached  and  the 
molding  is  continued.  When  this  section  is  completed  the  pins  attach- 
ing the  trunnion  patterns  are  removed  and  the  patterns  withdrawn. 

The  formation  of  the  remaining  sections  is  continued  until  the  whole 
is  completed,  thus  insuring  a  perfect  mold  throughout,  free  from  irregu- 
larities at  the  junction  of  the  sections. 
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(';irc  is  takon  to  si)rinklo  dry  sand  upon  tlic,  siirlace  of  each  section  of 
tlio  mold  l)cf(m'  continuin<;'  tlic  work  to  j>rcAcnt  adlicsion  and  to  admit 
of  the  sections  bein^'  se])arate(l  without  injury.  As  tlie  work  ui)on  the 
rcvspective  sections  is  linislu'd  tlie  i)atterns  are  withdrawn.  If  any  ])or- 
tions  of  the  mohl  art^  injured  in  the  withdrawal  they  are  repaired.  The 
several  sections  are  jdaced  in  the  dryin^^  oven,  where  a  moderate  heat 
is  kept  nj),  nntil  thorou«;hly  dried.  They  are  then  removed  from  the 
oven,  and  a  wash,*  composed  of  (Herman  graphite,  pulverized  anthracite 
coal,  and  distillery  returns,  applicnl  to  the  interior  surface  of  the  mold. 
Tlic  sections  are  replaced  in  the  ox  en,  and  when  dried  removed,  and  a 
second  coating'  of  the  wash  ai)])lied  while  the  mold  is  still  warm.  This 
wash  is  to  produce  a  smooth,  hard  surface.  It  pre\  ents  the  melted' 
metal  from  mixin^i-  with  the  sand  of  the  mold  and  formin<i-  protuberances 
on  the  surface  of  the  casting.  The  sections  of  the  mold  are  ready  for 
use. 

The  core-harrcl  or  arbor  (Plate  IX,  Fig.  4)  consists  of  a  water-tight 
cast-iron  tube,  made  sufhciently  thick  to  withstand  the  pressure  of  the 
metal  in  the  mold.  Its  length  and  diameter  are  such  as  to  leave  a  sufifi- 
cient  surplus  of  metal  in  the  bore  of  the  gun  to  secure  a  good  finish.  It 
is  constructed  Avith  a  slight  taper  to  facilitate  its  withdrawal  after  the 
casting.  The  lower  end  is  rounded  off  and  is  fitted  with  several  iron 
pins  for  securing  the  extremity  of  the  rope,  which  is  used  as  wrapi^ing 
material  in  the  preparation  of  the  core ;  the  exterior  of  the  barrel  is 
fluted  from  top  to  bottom  to  allow  the  escape  of  the  gases  generated  by 
its  combustion.  Before  being  used  the  core-barrel  is  always  subjected 
to  a  powerful  water  pressure  to  test  its  soundness.  To  prepare  the  core 
for  casting,  journals  are  fitted  at  its  extremities.  It  is  then  placed  in  a 
horizontal  position  upon  an  iron  truck,  supported  by  the  journals  rest- 
ing in  bearings,  and  turned  by  a  crank  attached  to  one  of  the  journals. 
It  is  first  wrapped  with  white  hemp  rope  so  as  to  cover  all  of  the  exte- 
rior surface  in  contact  with  the  melted  metal  in  the  mold.  Over  this  a 
coating  of  molding  comj)osition  is  applied  quite  wet,  wrapped  with  twine 
or  wire  to  insure  its  adhering. 

When  the  composition  has  partially-  dried  another  thin  coating  is  ap- 
plied and  the  surface  rendered  smooth  and  even  by  reA  olving  the  core 
in  contact  with  a  straight  edge  resting  on  the  truck.  The  truck  with 
the  core  is  then  rolled  into  the  drying  oven.  When  the  composition  is 
dried  the  core  is  removed  from  the  oven  and  a  coating  of  the  same  wash 
again  applied.  It  is  again  replaced  in  the  oven  until  thoroughly  dry, 
when  it  is  removed  and  the  journals  taken  out.  The  one  at  the  bottom 
is  replaced  by  a  tiglit  fitting  screw-plug  covered  over  with  molding 
composition.  The  top  is  fitted  with  a  water-tight  cap  so  constructed  as 
to  receive  the  con  ducting-pipes  for  the  water,  and  is  ready  for  use. 

The  pit  (Plate  XI),  as  usually  constructed  for  the  casting  of  guns  on 
the  Rodman  plan,  is  cylindrical  in  form  and  is  surrounded  with  a  brick 
wall,  built  in  offsets,  affording  supports  for  braces  to  steady  the  mold  in 
position ;  grates  are  arranged  around  the  circumference  of  the  bottom 
for  fires  lighted  immediately  after  the  casting  to  retard  the  radiation  of 
heat  from  the  exterior  of  the  mold.  To  retain  the  heat  of  the  fires  in 
the  grates  the  mouth  of  the  pit  is  covered  with  a  close-fitting  cover  of 
boiler  iron. 

For  furnishing  air  to  the  fires,  flues  are  made  opening  into  the  pit 
below  the  grates,  while  near  the  top  another  flue,  connecting  with  a 

*  Various  materialis  have  been  used  in  the  composition  of  this  wash.  Those  above 
named  have  been  found  by  experience  to  give  the  best  results. 
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<;liimuey,  produces  the  necessary  draught.  If  the  pit  has  been  out  of 
use  for  any  length  of  time,  it  is  thoroughly  dried  by  fires  in  the  grates 
before  placing  the  molds.  To  prepare  the  pit  to  receive  the  mold,  the 
bottom  is  covered  with  a  layer  of  sand.  A  heavy  cast-iron  i)late  is  then 
laid  down  and  carefully  leveled.  Upon  this  section  the  breech  section 
of  the  mold  is  placed  in  an  upright  position.  The  other  sections  are 
successively  lowered  and  secured  in  their  places,  the  whole  being  braced 
from  the  sides  of  the  pit  to  keep  it  in  a  vertical  position.  The  core  is 
then  lowered  into  the  mold  of  the  gun.  To  center  and  secure  it  in  posi- 
tion, a  cast-iron  frame,  usually  termed  a  ''spider"  (Plate  IX,  Figs.  5 
and  C),  is  employed.  The  spider  consists  of  a  heavy  ring  supported 
upon  three  legs,  each  having  a  projection  at  the  bottom  fitted  with  an 
adjustable  screw  resting  upon  the  upi)er  flange  of  the  flask.  The  core 
passes  through  the  ring  of  the  spider,  is  secured  to  it  by  bolts  through 
the  flange  at  the  top  of  the  barrel,  and  held  firmly,  so  that  any  move- 
ment of  the  spider  will  produce  a  change  in  the  position  of  the  core. 

To  center  the  core,  a  long  wooden  rod  is  used,  to  the  end  of  which  a 
piece  of  board  is  fixed  to  hold  a  light.  The  length  of  this  projecting 
board,  previously  determined,  is  the  distance  which  the  core  should  be, 
when  in  the  center,  from  the  mold  at  its  maximum  diameter. 

Having  adjusted  the  core  in  the  mold  by  means  of  the  screws  in  the 
legs  of  the  spider,  it  is  firmly  secured  in  its  position  by  clamps  made 
to  fit  under  the  flange  at  the  to])  of  the  flask  and  over  the  projections 
at  the  end  of  the  legs  of  the  spider.  The  fuel  for  the  fires  in  the  pit  is 
arranged  on  the  grates  in  readiness  to  be  kindled. 

CASTING. 

The  iron  for  the  gun  is  melted  in  reverberatory  air-furnaces  (Plate  X), 
two  or  three  being  sometimes  required  for  casting  the  heavier  guns. 
In  these  furnaces  the  draught  is  produced  by  high  chimneys  instead  ot 
a  blast,  which  is  used  in  the  cupola  furnace.  The  metal  for  what  is 
termed  a  "  heat "  is  all  placed  in  the  metal  chamber  before  the  fire  is 
lighted.  The  fuel,  bituminous  coal,  is  placed  on  grate  bars  in  the  fuel- 
chamber,  and,  when  ignited,  the  flame  passes  through  the  metal  cham- 
ber on  its  way  to  the  chimney.  The  iron  is  melted  by  this  flame  without 
coming  in  contact  Avith  solid  carbon  at  all,  unlike  the  cupola  furnace, 
where  the  fuel  and  iron  are  mixed  together. 

The  furnace  is  prepared  for  charging  by  covering  the  bed  of  the 
metal  chamber  Avith  a  layer  of  sand  evenly  distributed  and  firmly 
packed.  Boards  are  laid  down,  upon  which  the  pigs  of  iron  are  piled. 
If  a  number  of  guns  are  to  be  cast  from  the  same  grades  of  iron,  it  is 
very  important  that  the  beds  of  the  furnaces  should  be  prepared  in 
every  instance  as  with  the  standard  gun,  as  the  treatment  of  a  given 
charge  of  iron  may  be  varied  by  the  manner  of  dressing  the  bed  of  the 
furnace. 

The  different  grades  of  iron  to  be  used  for  the  heat  are  weighed  and 
piled  in  proper  proportions  in  the  metal  chamber.  Care  should  be 
taken  to  have  the  furnace  perfectly  dry  throughout.  When  it  has  been 
out  of  use  long  enough  to  become  damp,  it  should  be  dried  by  a  fire  in 
the  fire-chamber  before  being  charged. 

When  two  or  more  furnaces  are  used  in  casting  a  gun,  the  tap-holes 
are  connected  by  troughs  with  a  reservoir  called  a  mixing  basin,  in 

Four  and  a  half  inch  rifle-gun. — The  4.5-iucli  rifle-gun  is  made  of  cast-iron,  cooled 
from  the  exterior,  the  great  length  and  small  size  of  the  bore  rendering  the  water- 
cooling  process  impracticahle.    Its  form  is  similar  to  that  of  the  3-inch  field-gun. 
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which  Mic  (lilVcriMit  ('!i:ir<;('s  are  Mioroiiii'lily  mixed  belorc  (Mitin  iii^-  the 
iMohl. 

Th(^  rnninccs  Iumii»>-  chiir'^XMl  and  everythiii*;-  in  readiness,  tlie  fires  are 
started  and  re^nnhitcd  so  tlnit  tlie  iron  in  all  will  Ix^  melted  or  "down," 
as  neai*  as  |)raetieabU%  at  the  same  time.  The  hMii^th  of  time  recpiired 
to  obtain  com ph^te  fusion  (U'pends  in  ureat  m(;a.snre  upon  tlie  state?  of 
the  atmospliere  and  (piantityof  metal  in  the  ehar^^'e;  it  may  vary  from 
live  to  twelve  hours. 

When  the  ehar^e  is  nearly  down,  wooden  ])oles  or  iron  rods  are 
inserted  in  holes  ])rovi(hMl  for  that  purimse  in  the  w^alls  of  the  furnaees, 
and  the  melted  nu^tal  friMpiently  stirred  or  i)U(hlled  to  brin<i"  the  uninelted 
lumps  in  eontaet  with  the  tlaine.  As  soon  as  the  charge  of  a  furna.ee 
is  aseertnined  to  be  fairly  down,  siu'cimens  are  taken  out  to  determine 
whether  the  iron  is  suflieiently  deearl)onized  or  "  liigh  "  to  be  in  a  ])ro})er 
condition  for  easting*.  These  speeinuMis  are  east  in  green  sand-molds 
and  broken  as  soon  as  they  become  cold.  Tlie  condition  of  the  iron  is 
indicated  by  the  apixnvraiice  of  the  fracture,  and  varies  so  mneli  with 
ditl'erent  brands  used  that  its  determination  is  lai'gely  a  matter  of  ex- 
perience. 

If  the  first  si)ecimens  show  insufticient  decarbonization,  the  iron  is 
kept  in  fusion  still  hniger  aiul  the  puddling  process  is  continned.  When 
it  is  found  that  the  decarbonization  has  gone  far  enough,  the  ])uddling 
is  stopped. 

As  the  density  and  tensih^  strength  of  the  iron  depend  in  a  great 
measure  ni)on  the  highness  to  which  it  is  brought,  a  correct  decisio5i  is 
very  important. 

As  soon  as  the  melted  metal  in  all  the  fnrnaces  is  fonnd  to  be  in 
proper  condition  for  casting,  the  fnrnaces  are  tapped  simnltaueonsly 
and  the  metal  conducted  by  troughs  to  the  mixing-basin,  wiiere  the 
several  charges  are  thoronghly  mixed.  It  then  flows  on  through  other 
tronghs  connecting  with  the  side-gates  of  the  mold,  and,  passing  down, 
enters  the  mold  cavity  by  the  branches.  These  branches  connect  with  the 
side-gates  at  regular  intervals,  and  are  so  constrncted  that  the  metal 
enters  in  a  horizontal  direction  toward  the  axis  of  the  mold  cavity.  The 
surface  of  the  metal,  as  it  enters,  is  stirred  to  prevent  the  scoria  from 
lodging ;  care  should  be  taken  not  to  give  it  a  "  swirl,"  which  throws 
the  lightest  metal  in  aronnd  the  core,  where  the  heav  iest  and  best  shonld 
be.  When  the  mold  is  tilled,  the  tap-holes  of  the  furnaces  are  closed, 
and  the  surface  of  the  metal  in  the  sinking  head  is  covered  with  a  layer 
of  charcoal  to  prevent  its  chilling.  For  two  or  three  hours  after  the 
casting,  more  metal  is  idded  at  short  intervals  of  time,  to  feed  the 
shrinkage,  by  pouring  from  a  ladle  at  the  top  of  tlie  mold  as  the  sur- 
face sinks. 

COOLINa. 

The  water  for  cooling  the  gun  is  taken  from  a  hydrant  w'here  the  suii- 
ply  is  constant  and  uniform,  the  connection  being  made  by  rubber  hose. 
It  is  conducted  into  the  core  by  means  of  a  metallic  tube  which  passes 
through  a  water-tight  joint  in  the  center  of  the  cap  and  extends  to  within 
a  few  inches  of  the  b(Htom  of  the  barrel.  The  water  consequently  passes 
into  the  core  at  the  l)ottom  and  ascends  until  it  reaches  the  escape  pipe 
and  is  discharged. 

The  flow  of  the  water  commences  as  soon  as  the  furnaces  are  tapped, 
and  is  regulated  to  i)roduce,  half  an  hour  after  the  casting,  a  certain 
change  of  temperature,  about  25^,  between  entering  and  leaving  the  core. 
When  this  is  effected  the  rate  of  flow  remains  constant  until  the  core  is 
removed. 
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As  soon  US  possible  after  the  castin<>-  the  fire  in  the  pit  is  kindled  and 
kept  np  until  the  withdrawal  of  the  core-barrel ;  it  is  allowed  to  die  out 
gradually.    Meanwhile  the  nioutli  of  the  pit  is  kept  closely  covered. 

When  the  change  of  temperature  of  the  outflowing  water  has  become 
constant  or  nearly  so,  the  core-barrel  is  withdrawn.  To  effect  this,  it  is 
sometimes  necessary  to  largely  increase  the  flow  of  water  for  a  short 
time,  in  order  to  contract  the  barrel  enough  to  loosen  it  from  the  casting. 
As  soon  as  this  is  effected  the  flow  is  stopped.  The  rope  with  which  the 
barrel  is  wrapped  takes  fire  from  the  heat  of  the  casting  and  is  consumed, 
leaving  the  barrel  detached  from  the  composition  surrounding  and  allow- 
ing its  withdrawal  without  difficulty. 

As  soon  as  the  core-barrel  is  withdrawn  the  water  is  turned  into  the 
bore,  being  conveyed  by  the  conducting  pipe  to  the  bottom  and  escaping 
by  means  of  a  tube  cast  into  the  gun  head,  entering  the  bore  a  few  inches 
from  the  upper  end  of  the  casting.  The  rate  of  flow  of  the  water  through 
the  bore  is  so  regulated  as  to  produce  a  change  of  about  lOOo  between 
entering  and  leaving  at  half  an  hour  after  the  removal  of  the  barrel.  It 
is  then  allowed  to  remain  constant  until  the  gun  becomes  cool.  The 
time  occupied  in  cooling  by  this  process  varies  from  four  to  six  days, 
according  to  the  size  of  the  gun;  for  a  20-inch  gun  a  longer  time  maybe 
required. 

In  case  the  condition  of  the  metal  in  the  furnace  before  (tasting  should 
indicate  that  a  slower  rate  of  cooling  is  desirable,  the  process  of  cooling 
by  air  is  resorted  to  after  the  withdrawal  of  the  core-barrel.  The  current 
of  air  is  furnished  by  a  rotary  blower  driven  by  steam  or  water  power, 
and  is  conducted  into  the  gun  by  a  sheet-iron  pipe,  which  extends  to 
within  a  short  distance  of  the  bottom  of  the  bore.  Cooling  by  this  pro- 
f^ess  usually  requires  two  or  three  days  more  than  by  the  w^ater  process. 

FINISHINa. 

Wlien  the  casting  has  become  cool  it  is  hoisted  out  from  the  pit,  the 
flask  being  first  taken  off.  The  molding  composition  adhering  to  the 
interior  or  exterior  is  removed  as  far  as  practicable  by  scrapers  and 
chisels. 

The  casting  is  i:>laced  in  a  machine  called  a  heading  lathe  (Plate  XIT, 
rig.  1),  w^here  the  greater  part  of  the  surplus  metal  of  the  chase  is  re- 
moved and  the  sinking  head  is  cut  oft".  From  the  latter  a  ring  is  also, 
cut  off  next  to  the  muzzle  of  the  gun  for  the  purpose  of  testing  the  initial 
strain,  and  from  which  specimens  are  afterwards  taken  for  tenacity  and 
density.  To  place  the  gun  in  the  lathe,  the  square  knob  of  the  cascabel 
is  fitted  into  the  chuck  attached  to  the  machinery,  which  revolves  the 
gun,  v/hile  the  sinking  head  is  introduced  into  the  '^bonnet"  which  re- 
volves in  its  bearing  at  the  other  extremity  of  the  lathe.  Both  of  these 
supports  are  provided  with  adjustable  screws  by  means  of  which  the  gun 
is  centered  and  held  firmly  in  place. 

The  breech  is  adjusted  l3y  X)lacing  a  shari>  pointed  instrument  in  the 
tool  rest  and  bringing  it  in  contact  with  the  surface  of  the  casting  near 
the  maximum  diameter,  and,  while  turning  the  gun,  the  screws  in  the 
chuck  are  moved  until  coincidence  of  the  line  around  the  gun  is  ob- 
tained. 

At  the  muzzle  a  bar  of  iron  is  laid  upon  blocks  so  that  it  shall  be 
just  inside  the  bore  and  nearly  in  contact  with  the  interior  surface.  As 
the  gun  turns,  the  distance  between  this  point  and  the  metal  of  the  bore 
is  observed  and  equalized  approximately  by  the  screws  in  the  bonnet. 

A  wooden  disc,  turned  to  fit  the  bore  accurately,  bearing  a  string  at- 
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tai'lu'd  (o  its  ('('liter,  is  tlicii  ihisIkmI  to  the  bottom  of  tlii^  bore  Jiiid  iniule 
to  assume  Ji  ]>osition  in  a  \)h\m\  perptMidic-iihir  to  its  axis.  The  string 
tVojn  tlK^  center  ot  tiie  dise  is  lon«;-  enon^li  to  re;ieli  some  distan(;e  outside 
of  the  nnizzle,  the  outer  end  bein^-  ma(h^  fast  to  an  upri^iht  at  the  same 
hoijild  as  the  inner  end  or  center  of  t  he  disc.  The  strin<>-  is  now  str(it(ihed 
perfectly  taut  and  the  ^ini  apiin  turned,  a  scpiare  beinj;-  placed  upon 
blocks  about  one  foot  in  front  of  the  muzzle  close  to  the  strin^*',  and,  as 
the  jiun  rcAolves,  the  distance,  if  any,  wliich  the  sfcrin*;'  deviates  from 
the  Sipuire  is  observed  and  cori  ected  by  a<;ain  movini*-  the  screws  in  the 
bonnet.  AVhen  ])roi)erly  centered,  the  string;-  will  remain  in  the  same 
]Hxsiti()n  in  the  s(piare  and  be  the  same  distance  from  the  interior  sur- 
face of  the  ^un  throu.n'hout  an  entire  nn  olution,  showin*;-  that  the  axes 
of  the  ^'un  and  lathe  coincide. 

AVitli  the  hollow-c^ast  ^mi  it  is  nece.vssary  that  it  should  be  centered 
from  the  bore,  as  it  sometimes  hai)pens  that  the  axis  of  the  bore  and 
casting-  do  not  coincide.  The  gun  being  centered,  all  the  measurements 
necessary  for  a  proper  commencement  of  the  turning  are  made. 

The  turning  of  the  gun  commences  near  the  muzzle.  The  rest  in 
which  the  turning  tool  is  })laced  is  so  constructed  that  it  can  be  moved 
either  parallel  to  or  at  ri^ht  angles  to  the  axis  of  the  gun.  The  tool  is 
brought  in  contact  with  the  snrface  of  the  gun  at  the  desired  point,  the 
metal  being  tnrned  off  as  the  gnn  revolves.  In  this  ^Yay  a  series  of 
narrow  cnts  are  made  in  the  chase  at  short  intervals,  extending  in  depth 
to  within  about  i3  inches  of  the  required  exterior  diameter  of  the  gun. 
The  intervening  rings  are  then  broken  out  with  wedges,  and  the  por- 
tion of  the  chase  next  the  muzzle  is  tnrned  down  to  the  finished  dimen- 
sions. Meanwhile  the  cylindrical  part  of  tlie  cascabel  is  turned  down 
slightly  to  form,  with  the  finished  part  of  the  chase,  bearings  for  the 
gun  when  transferred  to  the  boring  lathe.  The  cuts  at  the  muzzle  for 
removing  the  sinking-head  and  test-ring  are  next  made.  When  these 
cuts  have  reached  a  sufficient  depth  to  admit  of  the  separation,  the  gun 
is  taken  out  of  the  lathe  and  placed  upon  skids  and  the  bonnet  is  removed 
from  the  sinking-head.  The  ring  and  head  together  are  then  sepa- 
rated from  the  gun  by  inserting  wedges  at  the  muzzle,  and  the  ring  is 
afterwards  wedged  off  from  the  head.  The  gun  is  next  placed  in  the 
boring-lathe  (Plate  XII,  Fig.  2),  in  which  it  is  supported  by  bearings  at 
the  chase  and  neck  of  cascabel.  Its  rotation  in  the  lathe  is  effected  by 
securing  the  square  knob  of  the  cascable  in  the  chuck  attached  to  the 
revolving  machinery,  in  the  same  manner  as  in  the  heading  lathe. 

To  adjust  the  gun  the  boring  rod  is  first  introduced  a  short  distance 
into  the  bore,  and  the  space  between  its  exterior  surfaces  and  the  gun 
at  the  muzzle  is  observed.  For  this  purpose  a  thin  wooden  gauge  is 
used,  pointed  at  one  end  and  having  a  notch  at  the  other,  which  takes 
the  outer  surface  of  the  gun  at  the  muzzle — the  gauge  being  laid  on  the 
face  of  the  muzzle  and,  therefore,  perpendicular  to  the  axis  of  the  bore. 
As  the  gun  revolves  the  distance  above,  below,  and  on  either  islde  is  ob- 
5erved,  verifying  the  concentricity  of  the  axis  of  the  gun  at  the  muzzle. 

The  adjustment  is  completed  at  the  breech  by  slackening  the  bolts  of 
he  cascabel  bearing,  leaving  it  free  to  move  on  the  ways,  and  should 
luy  lateral  motion  be  perceptible  it  is  corrected  by  adjusting  the  screws 
u  the  chuck,  after  which  the  concentricity  is  complete  from  breech  to 
nuzzle. 

In  boring,  the  tools  or  cutters  are  fitted  into  a  cylindrical  block  called 
I  "head,"  which  is  secured  to  the  end  of  the  boring-rod.  As  the  gun 
evolves  in  the  lathe,  the  boring-rod  is  made  to  advance  by  machinery 
iutil  the  cutters  reach  the  bottom  of  the  cylindrical  part  of  the  bore. 
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From  three  to  five  cuts  are  usually  required  to  secure  a  perfectly  straiglit 
bore  aud  enlarge  it  to  its  required  diameter ;  the  last  oue  beiug  made 
with  a  finishing  tool  or  reamer.  "The  bottom  of  the  bore  is  then  finished 
with  tools  of  the  required  shape. 

During  the  process  of  boring  the  turning  continues,  and  the  exterior 
is  finished  except  the  trunnion  section  and  the  extremity  of  the  breech 
where  the  cascabel  attaches.  The  cascabel  is  turned  down  in  front  of 
the  bearing  so  that  it  can  be  broken  off  when  no  longer  required.  To 
insure  a  smooth  surface  in  the  bore,  the  work  upon  the  exterior  of  the 
gun  is  suspended  while  the  finishing  tools  are  being  used. 

The  boring  being  completed,  the  dimensions  of  the  bore  of  the  gun 
are  verified  before  removing  it  from  the  lathe.  If  found  to  be  correct, 
the  gun  is  removed  and  placed  in  the  trunnion  lathe  (Plate  XIII),  where 
the  trunnions  are  turned  down  to  the  finished  dimensions.  When  ad- 
justed in  this  lathe  the  axis  of  the  gun  is  in  a  horizontal  plane,  the 
cascabel  being  supported  by  the  breech  center,  and  the  chase  by  the 
muzzle  bearing.  The  trunnion-head  consists  of  a  hollow  shaft  in  which 
are  placed  the  cutters  for  turning  the  trunnions.  It  is  suj)ported  ui)on 
bearings  which  rest  upon  ways  at  right  angles  to  the  axis  of  the  gun. 
These  bearings  are  of  such  a  height  as  to  bring  the  axes  of  the  trunnion- 
bead  and  gun  in  the  same  horizontal  plane. 

In  turning  the  trunnions  the  gun  remains  stationary  while  the  trun- 
nion-head revoh  es  about  the  trunnion.  The  cylindrical  surface  is  first 
finished,  the  shaft  moving  towards  the  gun  and  its  speed  being  regn- 
lated  as  circumstances  require.  To  finish  the  face  a  broad  cutter  is 
used  which  removes  a  thin  chip  nearly  equal  in  width  to  the  semi- 
diameter  of  the  trunnion.  A  small  spur  is  left  by  this  tool  at  the  center 
of  the  trunnion  which  is  afterward  chipped  off  by  hand.  When  one 
trunnion  is  finished,  the  gun  is  turned  over  and  the  other  is  finished  in 
the  same  manner. 

The-inetal  in  excess  between  tlie  trunnions  is  removed  by  the  planing 
machine  (Plate  XIII)  which  is  i)laced  on  the  side  of  the  lathe  opposite  the 
trunnion-head.  This  machine  is  so  arranged  that  the  bar  in  which  the 
cutter  is  secured  moves  forward  and  back  in  a  horizontal  plane,  carry- 
ing the  cutter  over  that  portion  of  tlie  gun  between  the  trunnions  which 
has  not  been  turned  down.  The  cutter  works  upon  a  pivot  in  the  bar, 
by  means  of  which  it  cuts  only  while  moving  to  the  rear,  the  gun  being 
turned  the  width  of  the  cut  after  each  passage  of  the  planing  bar.  The 
proper  direction  is  given  to  the  cutter  by  means  of  a  guide  attached  to 
the  planing  bar  which  moves  in  a  groove  of  tlie  required  curvature. 

After  the  i)laning  is  finished,  the  gun  is  removed  from  the  lathe  and 
placed  upon  skids  and  the  cascabel  is  broken  off'.  The  breech,  rimbases, 
and  sight-mass  are  then  finished  by  chipping  off'  the  surplus  metal  by 
hand. 

The  vent  is  drilled  by  means  of  a  hand-drill  arranged  to  work  in  an 
iron  frame  firmly  secured  to  the  gun. 

INITIAL  TENSION — HOW  DETERMINED  ;  ITS  OBJECT  J  ITS  EFFECT,  AND 

PROPER  LIMIT. 

A  ring,  about  three  inches  thick,  is  taken  off  the  gun-head  parallel  to 
the  face  of  the  muzzle,  and  as  near  thereto  as  practicable.  This  ring  is 
not  reamed  out  or  turned  upon  the  exterior,  but  is  a  section  of  the  rough 
casting.  When  two  rings  are  taken  from  the  same  head,  the  oue  near- 
est the  muzzle  is  marked  number  1,  the  other  number  2.    In  a  15-incli 
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j^uii  the  (listjiii('(^  of'i'inj^'  No.  1  IVoiii  ihv,  Ijku'.  oC  the.  muzzle  iiuiJisiinul  to 
the  ciMitc^'  of  tlio  riiij>"  is  ,'),7  iiiclies;  and  of  l  iu^;"  No.  2^  7.5  iiiclH^s. 

Ill  <i  lO-incli  ^un  tlio  disUiHie  of  No.  1  is  three  inches;  of  No.  2, 
inches.  Ejicli  riii^-  is  cut  throuj^h  by  ])laiiiug 
ji  ^i'loove  O.f)  inch  wide  from  the  exterior  to  tlie 
core  until  the  initial  strain  breaks  the  unplaned 
part,  and  the  ring  s])rin«>s  o])en.  The  width 
of  the  «»Toove  at  the  exterior  is  now  measured, 
and  its  inciease  over  0.5  inch  divided  by  the 
ori.i>inal  circumference  of  the  rin«>-  will  be  the 
extension  ]>er  inch  of  the  metal  on  the  exterior. 
This  extension  per  inch  is  then  comi)ared  with 
the  extension  per  inch  obtained  by  ac^tnal  ex- 
periment with  a  specimen  of  the  same  irou,and  tlie  corresponcbng  stress 
re(]uired  to  i)roduce  it  will  be  the  initial  tension. 

For  example,  the  ring  from  a  15-inch-gnn  head  is,  say,  38  inches  in 
diameter;  the  width  of  the  groove  before  the  bursting  of  the  ring  is  0.5 
inch,  and  afterwards  0.05  inch,  showing  a  total  extension  on  the  exterior 
of  0.15  inch,  then 

0.1  fi        0.15  _ 
=  119:38  - 

for  the  extension  per  inch  of  metal  on  the  exterior. 

Upon  examination  of  the  tests  of  this  metal,  we  tind  the  stress  cor- 
responding to  this  extension  per  inch  to  be  20,000  pounds  per  square 
inch,  which  will  be  the  initial  tension  of  the  ring,  snx)posing  the  iron  to 
possess  the  same  tenacity  and  elasticity,  and  that  the  breaking  of  the 
nng  entirely  relieved  it  of  strain,  which  it  cannot  probably  do. 

To  illustrate  the  effect  of  the  initial  strain  upon  the  strength  of  the 
gun,  let  us  suppose  that  the  initial  strain  of  extension  upon  the  exterior 
of  a  gun  one  caliber  thick — and  of  which  the  tenacity  of  iron  is  30,000 
pounds  per  square  inch — is  15,000  pounds  i)er  square  inch,  the  metal  at 
the  surtace  of  the  bore  will  be  subjected  to  a  compressive  strain  of  15,000 
pounds  per  square  inch. 

Now  if  we  suppose  the  tangential  strain  due  to  the  action  of  a  central 
force,  such  as  fired  gunpowder,  to  decrease  directly  as  the  distance  from 
the  axis  of  the  bore  increases,  and  that  an  interior  force  just  sufiQcieut 
to  relieve  the  metal  at  the  surface  of  the  bore  from  compression  has  been 
applied,  then  will  the  exterior  of  the  gun  be  brought  to  a  strain  of  ex- 
tension of  20,000  pounds  per  square  inch.  Now  increase  the  interior 
pressure  of  gas  until  the  metal  at  the  surface  of  the  bore  is  under  a  ten- 
sile strain  of  30,000  pounds  per  square  inch,  and  the  tensile  strain  of  the 
metal  on  the  exterior  of  the  gun  will  be  increased  to  30,000  pounds  per 
square  inch  also,  and  the  Avhole  thickness  of  the  walls  of  the  gun  would 
be  brought  to  the  breaking  strain  at  the  same  instant,  which  is  the  ob- 
ject of  initial  strain.  But  in  practice  we  know  that  the  strain  due  to  a 
central  force  diminishes  in  a  higher  ratio  than  directly  as  the  distance 
from  the  axis,  and  this  woidd  require  an  increase  of  initial  strain  in  order 
to  bring  the  outer  portions  of  metal  to  the  breaking  i)oint  at  the  same 
time,  while  on  the  other  hand  the  fact  that  a  given  increase  of  load  or 
strain  will  produce  a  much  greater  extension  when  applied  to  a  si)ecimen 
near  to  its  breaking  strain  than  when  applied  to  the  same  specimen  when 
strained  within,  or  even  considerably  above  the  limits  of  its  i^ermancnt 
elasticity,  causes  the  maximum  resistance  of  a  gun,  having  too  little 
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initial  strain,  to  approach  more  nearly  tUan  it  would  otherwise  do  to 
what  its  maxinmm  resistance  would  be  with  a  proper  initial  strain. 

The  law  of  diminution  of  tangential  strain  from  the  bore  outward  in 
a  gun  is  not  and  cannot  be  accurately  known,  nor,  therefore,  can  the 
exactly  proper  initial  strain  be  determined. 

But,  as  the  foregoing  reasoning  shows,  after  the  initial  strain  shall  be 
equal  to  that  estimated  on  the  hypothesis  that  this  strain  is  inversely  as 
the  distance  from  the  axis  of  the  bore,  it  may  vary  considerably  above 
that  point  without  affecting  to  any  considerable  degree  the  maximum  re- 
sistance of  the  gnn;  and  we  therefore  know  that  we  are  safe  in  fixing 
the  initial  strain  at,  or  a  little  above  that  which  the  law  of  diminution 
of  strain  as  the  distance  from  the  axis  increases,  would  give. 

OE.SERVATIONS  ON  CASTING  GUNS  BY  THE  RODMAN  METHOD. 

The  initial  tension-rings  for  Eodman  guns,  on  being  planed  through, 
should  open  on  the  exterior  0.25  inch  for  20-inch  guns;  0.17  inch  for  12- 
inch  rifles;  0.15  inch  for  10-inch  rifles.  The  properties  of  iron  employed 
and  the  rate  of  cooling  should  be  so  regulated  as  to  produce  these 
openings.  If  the  rings  do  not  open  sufiiciently,  add  more  water  and  fire 
longer,  which  will  insure  a  higher  tension.  If  the  rings  open  too  much, 
diminish  the  quantity  of  water  and  the  length  of  time  the  fire  is  kept  up 
in  the  pit.  The  gun  should  not  in  any  case  be  steamed" ;  but,  if  neces- 
sary, the  water  may  leave  the  casting  at  200^  or  205°.  The  more  rapid 
the  cooling  the  higher  the  iron,  and  the  more  rapidly  the  interior  is 
cooled  over  the  exterior  the  greater  the  tension.  If  a  higher  density  of 
the  metal  is  required  a  less  fire  will  be  required  in  the  pit. 

Cold  iron  should  not  be  put  into  a  pool  of  melted  iron.  If  the  iron  is 
not  high,  it  should  be  kept  infusion  and  evenly  stirred  till  a  satisfactory 
result  is  obtained. 

In  planing  through  the  rings  for  initial  tension  they  should  be  so 
clamped  in  the  i>laning-machine  that  one-half  should  be  free  to  spring 
open  when  the  thickness  is  so  far  reduced  by  planing  that  the  initial 
strain  will  break  the  metal  thus  left.  In  other  words,  the  planing  should 
be  continued  till  the  ring  i)arts.  The  thickness  of  the  metal  broken 
should  be  accurately  measured,  as  also  the  amount  of  opening  in  its  ex- 
terior. 

For  10-inch  guns  the  thickness  of  the  broken  part  of  the  ring  should 
be  about  one-tenth  of  the  whole  thickness  of  the  ring.  Should  it  be  less^ 
more  water  and  a  longer  continued  fire  in  the  pit  will  correct  the  defect. 

The  amount  of  initial  tension  on  the  exterior,  which  General  RodTnan 
thought  should  obtain  in  a  properly  constructed  gun,  was  about  one- 
half  the  ultimate  tenacity  of  the  metal. 

Bloomfield  gun-iron,  when  employed  in  20-inch  guns,  should  be  so  far 
decarbonized  as  to  have  a  density  of  7.24  to  7.26,  with  a  tenacity  of 
32,000  pounds.  When  employed  in  12-inch  rifles  it  should  have  a  density 
of  from  7.20  to  7.28,  \Aith  a  tenacity  of  32,000  pounds.  When  employed 
for  12-inch  shot  to  be  chilled  at  the  point  it  should  have  a  density  of 
from  7.32  to  7.35. 

Eichmond  gun-iron,  when  for  10-inch  rifles,  should  have  a  density'  of 
from  7.28  to  7.30,  with  a  tenacity  of  32,000  pounds. 

In  the  manufacture  of  4.5-inch  siege  rifles  the  application  of  the  wa- 
ter-cooling process  is  imi^racticable,  owing  to  the  great  length  and  small 
size  of  the  bore.  These  guns  are,  therefore,  cooled  from  the  exterior. 
The  best  quality  of  gun-iron  should  be  employed  in  these  guns,  Avith  a 
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density  not  to  oxcchhI  7.25,  say  IVoiii  7.2!i  to  7.25.  Thv,  .^itiis  should  be 
coolod  slowly  in  covered  i)its. 

INSrF.CTION  AND  PROOF  OV  ORDNANCE. 

(Plates  XIV,  XV.) 

Sinootli-bore  cannon  ])rosente(l  for  inspection  and  proof  are  placed  on 
skids  lor  the  convenience  of  turning-  and  inovini;-  them  easily.  They  are 
lirst  examined  carefully  on  the  exterior  to  ascertain  whether  there  be 
any  Haws  or  cra(tks  in  the  metal,  whether  theyl)e  tinished  as  prescribed, 
and  tojud^e,  as  well  as  practicable,  of  the  (piality  of  the  metal.  They 
must  not  be  covered  with  i)aint,  lacker,  or  any  other  composition.  If 
it  be  ascertained  that  an  attem])t  has  been  made  to  conceal  any  tlaws  or 
cavities  hy  plu<>'<^'in<>'  or  filling  them  with  cement  or  any  substance  the 
gun  is  rejected  without  further  examination.  After  this  i)reliminary 
examination,  the  inspector  proceeds  to  verify  the  dimensions  of  the  piece. 
The  interior  of  the  bore  is  first  examined  by  reflecting  the  sun's  rays 
into  it  from  the  mii'ror,  or,  if  the  sun  be  obscnred,  by  a  lighted  camlle 
or  a  lamp  placed  on  the  end  of  a  rod  and  inserted  into  the  bore.  The 
cylinder  (jauiie  screwed  on  the  staff  is  then  ])uslied  gently  to  tlie  bottom 
of  the  cylindrical  part  of  the  bore  and  withdrawn;  it  must  go  to  the 
bottom  or  the  bore  is  too  small. 

The  bore  of  the  piece  is  then  measured  with  tlje  star-gauge,  beginning 
at  the  bottom.  Measurements  should  be  made  at  intervals  of  i  inch  to 
the  front  of  seat  of  shot,  and  at  intervals  of  1  inch  from  that  j)oint  to 
the  ninzzle.  In  rifled  guns  the  measurements  are  taken  from  land  to 
land,  and  afterwards  from  groove  to  groove,  the  head  of  the  star-gauge 
being  fitted  with  the  snitable  "gnidev'  to  insure  the  proper  position  of 
the  measuring  points. 

The  position  of  the  trunnions  with  regard  to  the  axis  of  the  bore  and 
to  each  other  is  next  ascertained. 

To  verify  the  x^osition  of  the  axis  of  the  trunnions. — Set  the  trunnion- 
S(piare  on  the  trnnnious,  and  see  that  the  lower  edges  of  its  branches 
tonch  them  thronghout  their  whole  length;  push  tlie  slide  down  till  it 
touches  the  surface  of  the  piece,  and  secure  it  in  that  position  by  the 
thumb-screw ;  turn  the  gun  over,  and  apply  the  trunnion-square  to  the 
opposite  side,  and  if,  when  the  point  of  the  slide  touches  the  surface  of 
the  piece,  the  lower  edges  of  the  branches  rest  on  the  trunnions,  the 
axis  of  the  trunnions  is  in  the  same  plane  with  the  axis  of  the  bore;  if 
they  do  not  touch  the  trunnions,  their  axis  is  above  the  axis  of  the  bore 
by  half  the  space  between;  and  if  the  edges  touch  tlie  trunnions  and 
the  point  of  the  slide  does  not  touch  the  surfiice  of  the  piece,  their  axis 
is  below  the  axis  of  the  bore.  If  the  alignment  o  f  the  trunnions  be  accu- 
rate, the  edges  of  the  trunnion-scpiare  will  fit  on  them  when  applied  to 
different  parts  of  their  surface ;  their  diameter  and  cylindrical  form  and 
the  diameter  of  the  rimbases  are  verified  with  the  trunnion-gauge. 

To  ascertain  the  length  of  the  bore, — Screw  the  guide-jjlate  and  measur- 
ing-point on  the  cylinder  staff  and  push  them  to  the  bottom  of  the  bore ; 
place  a  haJftompion  in  the  muzzle  and  rest  the  stalf  in  its  groove;  apply 
a  straight  edge  to  the  face  of  the  muzzle  and  read  the  length  of  the  bore 
on  the  stalf.  The  exterior  lengths  are  measured  by  the  rule  or  by  a  pro- 
file, the  accuracy  of  which  is  first  verified;  the  exterior  diameters  are 
measured  with  the  calipers  and  graduated  rule.  The  position  of  the  inte- 
rior orifice  of  the  vent  is  found  from  the  mark  made  on  the  rammer-head 
by  the  vent-gauge  inserted  in  the  vent,  while  the  rammer-he.ad  is  held 
against  the  bottom  of  the  bore.    Two  impressions  are  taken.    The  posi- 
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tioli  of  the  exterior  oriiice  of  the  veut  is  also  veritied.  The  vent  is  exaiii- 
iued  witli  gauges  and  with  the  vent-searcher  to  ascertain  if  there  are  any 
cavities  in  it. 

All  smooth-bore  hronze  ordnance  should  be  bored  under  size  from  .04 
to  .05  inch,  and,  after  i)roof,  reamed  out  to  the  exact  caliber.  Whitish 
sjmts  show  a  separation  of  the  tin  from  tlie  copper,  and,  if  extensive, 
should  condemn  the  piece.  A  great  variation  from  the  true  weight, 
which  the  dimensions  do  not  account  for,  shows  a  defect  in  the  alloy. 

In  mortars^  the  dimensions  of  the  chambers  and  the  form  of  the  breech 
may  be  verified  with  x)atterns  made  of  plate  iron. 

After  the  jwivder  2)roof  the  bore  is  washed  and  wiped  clean,  and  the 
bore  and  vent  are  again  examined,  and  the  bore  remeasured.  The  re- 
sults of  each  of  the  measurements  and  examinations  are  noted  on  the 
inspection  report  against  the  number  of  the  gun. 

A  proper  discretion  must  be  exercised  in  the  inspection  of  ordnance  ; 
such  slight  imperfections  as  do  not  injure  a  piece  for  service  may  be  dis- 
regarded, whilst  the  instructions  should  be  strictly  enforced  with  regard 
to  defects  wliich  may  impair  its  utility. 

PROOF  OF  ORDNANCE. 

Gunpowder  for  proving  ordnance  should  be  of  the  best  quality  ot 
the  kind  used  in  the  gun  to  be  proved,  giving  not  less  than  the  standard 
initial  velocity  ;  it  should  be  proved  immediately  before  being  used,  un- 
less it  shall  have  been  proved  within  one  year  previously,  and  there  be 
no  reason  to  suspect  that  it  has  become  deteriorated. 

The  cartridge-bags  are  made  of  woolen  or  raw  silk,  the  full  diameter 
of  the  bore  or  chamber.    They  are  filled  by  weight. 

The  shot  must  be  smooth,  free  from  seams  and  other  inequalities  that 
might  injure  the  bore  of  the  juece,  and  they  must  be  of  the  true  diame- 
ter and  weight  given  in  the  tables. 

Guns  and  hoicitzers  are  laid  with  the  muzzle  resting  on  a  block  of 
wood,  and  the  breech  on  the  ground  or  on  a  thick  plank,  giving  the  bore 
a  small  elevation. 

Bronze  pieces  are  mounted  on  appropriate  carriages  or  beds. 

Mortars  are  mounted  on  strong  wooden  frames  or  iron  beds,  at  an 
elevation  of  45^,  supported  by  the  trunnions. 

Each  piece  shall  be  fired  two  rounds  with  maximum  charges  and  pro- 
jectiles. 

Should  any  of  the  guns  proA^ed  at  one  time  fail  to  sustain  the  above 
proof,  the  remainder  shall  be  rejected,  if  made  of  the  same  metal  treated 
in  the  same  manner. 

The  bore,  vent,  and  the  exterior  surface  of  every  piece  which  is  ap- 
j)roved,  should  be  well  covered  with  sperm  oil  immediately  after  the 
inspection. 

S-INCH  CONVERTED  RIFLES. 

(riatcs  XVI  to  XXVII.) 

Two  plans  of  conversion  of  our  10-inch  smooth-bore  cast-iron  guns  into 
8-iuch  muzzle-loading  rifles,  by  lining  with  coiled  wrought-iron  tubes, 
find  place  in  our  service  j  one  by  "  muzzle,"  and  the  other  by  "breech" 
insertion. 

The  parts  in  general  of  these  converted  rifles  are : 
First.  The  old  casing  bored  out  to  the  exterior  diameter  of  the  in- 
serted tube. 
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S(HM)ii(l.  Tlic  rilled  coiled  wroiii^ld -iron  l,ul)(3. 

Tlio  mode  of  luiinnfactiirin*;-  the  iron  for  the  tubes  is  first  treated 
followed  by  a  description  of  those  operations  (50ininon  to  the  constru(5- 
tion  iukUh"  both  systcMus. 

A  descrijjtion  then  follows  in  which  those  details  arei^iven  which  are 
peculiar  to  eacli  s,vsteni. 

MANUFACTURE  OF  THE  UAR-IKON. 

Tlio  bar  employed  u))  to  (he  ])resent  time  in  the  iabric^ation  of  tabes 
for  conversion  lias  been  manuliictui'ed  at  the  Ulster  Iron  AVorks,  8au<>er- 
ties,  IS^.  Y.  The  ])i^",  tVom  which  tlie  iron  is  produe^Ml,  is  derived  chiefly 
from  the  Lake  Chami)la;in  ma<>'netic  ores  and  from  some  of  the  hematite 
ores  of  IVnnsylvania,  the  suitable  ])roi)ortions  of  kind  imd  grade  to 
yiehl  a  satisfactory  metal,  being'  the  result  of  much  careful  exi)erinjent. 

The  various  operations  of  ]iuddling',  rolling,  *S:c.,  differ  in  no  particular 
respect  from  the  ordinary  methods  employed,  except  in  the  greater  care 
exeniised  to  secure  a  high  standard  for  the  (juality  of  the  product.  A 
brief  notice  here  will  then^fore  sulhce. 

The  charge  of  pig-iron  is  first  heated  to  redness  by  the  waste  heat 
from  the  reverberatory  furnace,  and  is  then  thrown  into  the  hearth 
along  with  a  (juantity  of  cinder.  The  charge  consists  of  448  pounds, 
the  yield  of  blooms  amounting  to  about  05  per  cent,  of  the  metal  charged ; 
the  amount  of  coal  consumed  is  2,375  pounds  per  ton  of  puddle-bars, 
and  the  time  occupied  from  the  charging  of  the  furnace  to  the  with- 
drawal of  the  puddle-balls  is  about  If  hours. 

The  process  in  the  furnace  is  what  is  termed  the  ''boiling  process ^'5 
and  the  regulation  of  the  draft  during  this  i^eriod  is  an  operation  requh^- 
ing  great  care  and  good  judgment,  as  upon  it  the  quality  of  the  bar-iron 
will,  in  a  great  measure,  depend.  It  is  important  that  the  iron  designed 
for  gun-tubes  shall  not  be  too  "  dry"  (deficient  in  cinder),  as  such  an  iron 
crumbles  under  a  high  heat,  and,  at  best,  welds  but  imperfectly.  On 
the  other  hand,  the  presence  of  any  considerable  quantity  of  cinder  in- 
dicates an  insufficient  "working,"  besides  furnishing  for  the  bore  of  the 
gun  a  material  that  is  not  sufficiently  homogeneous  and  compact  to  resist 
well  the  eroding  action  of  the  powder-gases.  The  puddle-bars  are  formed 
under  the  hammer  into  blooms  about  18  inches  long  by  4  or  5  inches 
square,  and  weighing  about  100i)ounds  each.  The  blooms  before  cooling- 
are  passed  between  the  rollers — both  roughing  and  finishing — and  result 
in  what  are  termed  "muck-bars" — long,  fiat  bars  from  2  to  4  inches 
wide  and  f  inch  thick. 

The  "  muck-bars  "  are  cut  up  and  piled.  The  piles  are  then  jdaced  in 
the  furnace  and  raised  to  a  w^hite  heat,  when  they  are  subjected  to  a 
succession  of  rollings,  by  which  they  are  converted  into  bars  about  23 
inches  long  and  about  }  inch  thick.  Each  time,  before  being  j^assed 
between  the  rollers,  the  piles  are  turned  one-quarter  round,  so  that  the 
compression  of  the  metal  takes  i^lace  in  directions  that  are  alternately 
parallel  and  perpendicular  to  the  layers. 

The  operation  of  cutting,  piling,  and  rolling  are  then  repeated,  and 
the  resulting  bar  or  plate  cut  into  lengths  of  53*  inches,  and  piles  made 
about  0.^  inches  high  by  7  inches  wide  for  the  final  rolling.  The  top 
and  bottom  jdates  of  these  last  piles  are  about  |  of  an  inch  thick,  while 
the  intermediate  plates  are  ^  inch  thick. 

At  this  stage  the  piles  are  jjassed  between  the  rollers,  at  first  with 

*The  dimou.sions  and  weights  given  in  this  desc  ipi  ion  oftlie  '^rolling  "  of  tlic  bar- 
iron  refer  to  that  nsed  in  the  eonstrnciion  of  ''niu/zlc-inscrtion  "  tnhes,  and  would,  of 
course,  be  modified  for  iron  of  different  size. 
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the  layers  horizontal,  but  are  afterwards  so  maiii])ulated  that  the  (corners 
of  the  pile  shall  take  the  groove  in  the  rollers.  The  precaution  is  taken, 
in  heating-  the  piles,  to  separate  slightly  the  successive  layers,  in  order 
that  tlie  heat  may  more  readily  penetrate  the  mass ;  and  both  in  piling 
and  rolling  the  iron  it  is  imi)ortant  that  the  direction  of  the  fiber  should 
be  always  preserved  the  same.  In  the  finished  bar  the  elementary  plates 
stand  parallel  with  the  depth — the  position  most  favorable  to  tlieir  final 
consolidation  in  the  subsequent  process  of  coil  welding. 

The  cross-section  of  the  bar  used  for  muzzle  insertion  tube  is  hexag- 
onal in  form  (as  shoAvn  in  the  figure),  to  com- 
pensate for  the  changes  inform  incident  to  the 
process  of  coiling. 

By  making  the  bar  simply  trapezoidal  in 
cross- section,  it  was  found  that,  in  cooling,  the 
sides  became  concave,  thereby  forming  a  pocket, 
which,  in  the  subsequent  process  of  uniting  the 
folds  of  the  coil,  served  as  a  receptacle  for  cin- 
der, and  ])roved  an  obstacle  to  perfect  welding, 
p  In  order  to  avoid  a  feature  so  objectionable,  the 

^  ^       shoulders  a-]}  were  added,  whence  a  supply  of 

K  4.0   ^    metal  can  be  drawn  to  fill  up  the  concavity  of 

'  '    the  sides.    The  ends  of  the  finished  bar  are  cut 

off'  to  where  tlu^.  material  is  thoroughly  Avelded  and  i)erfectly  sound,  the 
greater  length  being  taken  from  the  end  whicli  was  nearest  the  furnace 
door,  as  being  the  colder  end. 

The  bar  is  now  ready  for  shipuient  to  the  foundry.  Specimens  of  each 
lot  are  tested  for  the  purpose  of  ascertaining  the  physical  properties  of 
the  metal. 

Following  is  a  tabular  comparison  between  the  Ulster  tube-iron  and 
the  Eisdale  tube-iron  ;  the  latter  being  that  employed  by  Sir  William 
Armstrong  &  Co.,  at  the  Elswick  Works,  in  the  fabrication  of  gun-tubes 
and  coils : 


Matci-ial. 

Tensile  strength, 
pounds  per  square 
incli. 

Elongation  per 
inch  at  break- 
ing. 

Elastic  limit, 
pounds. 

Density. 

Ulster. 

Eisdale. 

1 

Ulster.  1  Eisdale. 

Ulster. 

Eisdale. 

Ulster. 

Eisdale. 

Bar  ii'on  (along  its  fibre) . . . 

52,  000 

52,  534 

0.303  ;  0.299 

22,  500 

24,  000 

7.  664 

7.  690 

The  above  were  determined  by  taking  a  mean  of  five  tests  of  the  Ulster 
and  two  of  the  Kisdale  iron. 
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\  lekel  

Sulphur  

Phosphorus   

Manganese  

Silic(m  I 

Cobiilt  I 

Carbon   

'l  OU   

iHler  


100.1160  99.9802 


WELDINO  TIIK  BARS. 


To  i)repare  the  bars  for  welding  tliey  are  sorted  in  pairs,  and  the  ends 
to  be  united  shaped  for  scarfing  as  illustrated  on  Plate  XVI.  At  the 
same  time  the  other  ends  are  tapered  by  heating  and  hammering,  and 
an  eye  and  shoulder  {a  b)  formed  for  purposes  connected  with  the  opera- 
tions of  "  coiling." 

The  y  scarf,  by  affording  a  firm  grasp  to  the  ends  and  exposing  a  large 
surface  for  welding,  is  thought  to  insure  a  strong  joint;  yet  so  great  is 
the  strain  thrown  upon  the  bar  while  being  coiled,  that  separation  has 
been  known  to  take  place  at  that  point. 

The  welding  is  readilj^  performed  by  means  of  a  hollow"  fire  and  an 
adjacent  steam  hammer.  The  joint  is  subjected  to  three  heats.  At  the 
first  heat  the  bars  are  butt- welded  "  by  means  of  sledges  ;  at  the  sec- 
ond and  third  heats,  the  joint  is  lap-welded  "  by  the  steam  hammer,, 
the  original  cross-section  being  afterwards  restored  by  interposing  a  tool 
of  the  necessary  shape  between  the  bar  and  the  hammer.  While  in  the 
lire,  one  end  of  the  bar  abuts  against  a  heavy  timber,  and  the  other  end 
is  repeatedly  struck  with  a  sledge  to  close  and    upset"  the  joint. 


COILING. 


The  heating  oven  is  shown  on  Plate  XYII,  in  i)lan,  section,  and  eleva- 
tion; Figs.  1,  2,  3,  and  4. 

Feet. 

Total  lengtli  of  oven  ,   78 

Height   30 

Width   42 

The  grates  and  ash  pits,  seven  in  number,  are  arranged  along  one  side 
and  the  draught  enters  under  the  grates.  The  blower  is  worked  by  the 
engine  that  revolves  the  coiling  apparatus.  The  number  of  fires  em- 
ployed at  anyone  time  depends  upon  the  length  of  the  bars  to  be  heated. 
About  ninety  bushels  of  anthracite  coal  a  day  are  consumed  in  each 
grate.  At  the  rear  of  the  oven  is  a  roller-way,  upon  which  the  bars  are 
inserted  into  the  oven  ;  an  operation  which  is  facilitated  by  a  slope  given 
to  the  oven  and  trestle-work. 

The  bars  are  pushed  into  the  oven  as  far  as  possible,  and  then  are 
drawn  into  place  l)y  means  of  a  long  iron  hook  introdn(5(id  from  the  front,, 
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fastened  to  the  eye  in  the  front  end  of  the  harimd  worked  by  the  \^dnd- 
hiss  of  a  steam-crane. 

It  requires  about  three  hours  to  heat  the  oven,  and,  after  that,  about 
one  hour  to  heat  the  iron  to  a  bright  redness — the  temperature  required. 

The  oven  has  a  capacity  for  eight  bars  of  the  size  used  for  muzzle  in- 
sertion tubes ;  but,  to  secure  greater  facility  in  handling,  more  than  four 
are  seldom  heated  at  once. 

The  coiling  apparatus  is  shown  on  Plate  XVII,  Fig.  5 ;  a  is  the  man- 
drel, slightly  conical  in  form,  on  which  the  bar  is  wound  ;  h  is  the  roller- 
guide  over  Avhich  the  bar  passes ;  c  is  the  sliding-guide  which  regulates 
the  spiral  of  the  coil ;  at  d  is  the  steam-piston  which  communicates  the 
motion.  On  tbe  mandrel  is  an  iron  disk,  e,  through  which  is  inserted 
a  key,/,  and  the  end  of  the  bar  is  attached  to  the  mandrel  by  passing 
between  it  and  the  key,  and  hooking  over  the  latter  by  means  of  the 
shoulder  on  the  bar.  In  this  position  the  narrow  side  of  the  bar  is  in 
contact  with  the  mandrel. 

The  apparatus  having  been  put  into  gear,  the  mandrel  revolves, 
winding  the  bar  around  it. 

To  remove  the  coil,  the  apparatus  is  thrown  out  of  gear,  the  cap- 
scpiares  of  the  mandrel  are  removed,  and,  by  means  of  the  steam-crane 
standing  immediately  in  rear,  the  mandrel  is  unshipped  and  swung 
round.  The  coil  is  then  started  by  driving  in  wedges  between  the  end 
of  the  coil  and  disk,     after  which  it  is  easily  removed. 

After  coiling,  the  cross-section  of  the  bar  is  slightly  concave  on  the 
exterior  and  convex  on  the  interior  of  the  coil,  while  the  distance  be- 
tween the  folds  are  less  on  the  interior  than  on  the  exterior. 

It  requires  about  one  hour  to  coil  four  bars. 

WELDINa  THE  COILS. 

AVhen  removed  from  the  mandrel  the  ends  of  the  bar  project  out  from 
the  coil,  and  the  folds  are  very  open,  varying  from  f  to  inches  on  the 
exterior.  The  ends  are,  therefore,  heated  and  hammered  round  to  con- 
form to  the  curvature  of  the  coil.  The  next  step  is  to  close  the  folds 
and  to  Aveld  them  together.  For  these  ojjerations  there  are  provided 
two  cast-iron  tubes,  termed  "  welding-x>ots "  (Plate  XYIII,  Figs.  1,  2,  3, 
and  4).  These  pots  are  cylindrical  without,  ibut  slightly  conical  within, 
and  are  of  two  sizes,  the  diameter  of  the  smaller  being  about  one  inch, 
larger  at  the  bottom  than  the  finished  diameter  of  the  tube,  and  the 
diameter  of  the  other  |  inch  larger.  In  connection  with  the  pot  is  used 
a  short  iron  cylinder,  termed  the  ''cheese"  (Fig.  6),  about  9  inches  in 
height  and  somewhat  smaller  in  diameter  than  the  pot,  which  receives 
directly  the  impact  of  the  hammer  after  the  first  blow  has  compressed 
the  coil  within  the  limits  of  the  pot.  The  coil  is  first  placed  on  its  side 
and  heated  to  redness  in  an  ordinary  reverberatory  furnace,  and  then 
transferred,  by  means  of  a  porter-bar  suspended  from  a  crane,  to  the 
smaller  welding  pot,  in  which  it  is  simply  pressed  under  the  hammer. 
The  effect  of  this  operation  is  to  close  the  folds  along  the  surface  of  the 
bore.  The  porter-bar  is  provided  with  a  heavy  sliding  counterpoise  to 
facilitate  handling  it. 

In  order  to  avoid  weak  or  imperfect  welding  of  the  folds,  it  is  desira- 
ble that  the  process  should  commence  at  the  interior  surface  of  the  coil 
and  progress  gradually  outwards,  thus  leaving  to  the  last  an  open  joint 
at  the  exterior  for  the  escape  of  the  cinder  squeezed  out  in  the  operation. 
This  end  is  secured  with  large  bars  by  the  particular  form  of  cross-sec- 
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t'nm  <;i\(Mi  to  tho  bar,  Jiiul  by  Uk'- prc.c.iiut ion  taken  of  lirst,  closiM.n' (lie 
folds  alon^"  the  interior  siiri'ac.e  bclbic,  at tciiipt iii.i;'  to  weld  them. 

The  coil  is  now  replac-ed  in  the  l'iirna,ec  and  bn)u<;ht  to  ii  weldinj;' 
heat.  It  is  then  reniovcd  to  tlio  smaller  weldin<;-i)()t,  stood  upright 
under  the  hammer,  the  "eheese"  ])hieed  on  top  of  it  and  hammered 
until  the  latter  sinks  to  a  certain  maik  chalked  ujmn  it.  The  pot  is- 
theu  turned  over  on  its  side  and  the  (?oil  withdrawn  by  nieans  of  bhx^ks 
aud  tackle.  The  coil  is  then  tnrned  end  for  end,  and  ((uickly  returned 
to  the  furuace;  and,  alter  being-  brought  again  to  welding  heat,  the  same 
operation  of  hammering  is  rei)eated,  using,  however,  the  hirger  pot. 

The  whole  operatiou  of  coil-welding  a  single  sectiou  takes  from  to 
o  hours. 

The  hanuner  employed  in  welding  the  coils  is  an  S-ton  steam-hamnuu'. 

On  Plate  XIX,  Figs.  1,  li,  and  o,  are  illustrations  of  the  coil*  at  the 
followiug  stages  of  its  fabrication,  viz:  After  beiug  removed  from  the 
niaudrel  of  the  coiling  iii)paratus;  after  the  closing  of  the  folds  aloug 
the  surface  of  the  bore,  aud  after  the  welding  of  the  folds. 

The  length  of  the  coil,  after  closing  the  folds,  is  about  4|  feet,  aud 
the  exterior  froiu  13  to  13.^  inches.  After  beiug*  Avithdrawn  from  the 
large  pot,  the  length  is  about  3  feet;  the  exterior  diauieter  about  that 
of  the  large  pot,  aud  the  interior  diameter  from  5  to  7  iuches.  The  width 
of  fold  iu  the  coils  for  the  A  tube  is  uow  about  2.75  iuches,  while  iu 
those  tor  B  tubes  it  is  about  2  iuches. 

Note. — In  England  the  process  of  coil-welding  differs  as  follows  from  the  above  : 
"The  coil  haviug  heeu  subjected  to  a  'weakling  heat.'  is  placed  vertically  under 
the  steam-hauiuier  and  receives  a.  few  smart  blows  to  weld  the  folds.  It  is  then 
thrown  on  its  side,  and  being  gradually  turned,  is  hammered  (or  patted)  all  round  to 
straighten  it.  It  is  then  raised  vertical  again,  aud  a  punch  or  mandrel — rather  over 
half  the  length  of  the  coil  and  a  little  larger  than  its  interior  diameter — is  hammered 
down  its  own  length.  The  coil  is  next  placed  on  its  side  aiul  hammered  round  that 
half  of  its  length,  thus  beiug  made  very  compact,  and  large  enough  to  let  the  mandrel 
fall  OTit.  After  this,  the  coil  is  again  raised  vertical  and  the  mandrel  forced  in  the 
opposite  end,  and  the  process  repeated.  The  reason  a  long  mandrel  is  not  forced 
through  the  whole  length  of  the  coil  is  that  it  would  tend  to  separate  the  folds.  The 
coil  is  replaced  (upright)  in  the  furnace  for  the  second  heating,  and  much  the  same 
process  is  followed,  to  render  the  ring  more  consolidated  as  well  as  more  shapely." 

By  the  American  process  there  seems  to  be  no  tendency  whatever  to  separate  the 
folds  during  any  part  of  the  operation.  The  coil  is  withdrawn  from  the  welding  pot 
by  connecting  the  tackle  with  an  iron  rod  which  passes  through  the  interior  of  the 
coil,  and  is  held  by  a  ]^ey  at  the  bottom,  so  that  the  strain  is  transmitted  to  that  i)oint.. 

WELDING  THE  SECTIONS. 

After  weldiug  the  folds  the  coils  are  extremely  rough  aud  uneven  on 
the  interior ;  they  are  therefore  removed  to  the  shops,  where  they  are 
rough-bored  to  within  0.75  inch  of  the  true  diameter  of  the  tube.  The 
exterior  is  comparatively  smooth  and  cylindrical. 

To  unite  two  or  more  coils  to  form  a  tube,  the  ends  are  faced  aud  re- 
ciprocally recessed ;  that  is,  a  projection  is  formed  at  one  end  of  the 
coil,  while  a  recess  is  bored  in  the  corresponding  end  of  another  coil 
(Plate  XVIII,  Fig.  5).  The  height  of  the  projection  is  a  little  greater 
than  the  depth  of  the  recess,  in  order  to  secure  a  close  joint  on  the  in- 
terior. The  recess  is  then  expanded  by  heat  and  shrunk  over  the  pro- 
jection, so  that  the  two  coils  are  sufficiently  stuck  together  to  admit  of 
being  put  in  the  fnrnace  for  weldiug.  An  iron  rod,  with  a  key  at  one 
end  and  a  nut  at  the  other,  is  passed  through  the  sections  and  screwed 
fast  to  prevent  a  separation  of  the  sections  in  shrinking. 

*  This  refers  to  a  section  for  a  muzzle-insertion  tube. 
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The  furnace  for  weldiiig  the  section  is  so  constructed  that  an  intense 
heat  shall  act  only  ui)on  the  joint.  The  butt- welding  is  performed  by 
nieans  of  a  i)owerfnl  screw-press. 

The  furnace  and  welding  apparatns  are  illustrated  on  Plate  XX.  The 
tube  is  placed  in  the  furnace  by  means  of  the  crane  and  a  i)orter-bar ; 
the  bars  a  a  are  then  raised  on  the  supporting  props  h ;  the  cross-head 
€  and  the  screw  d  adjusted  to  the  end  of  the  tube,  and  the  wedges  e 
inserted.  The  furnace  is  then  entirely  closed  around  the  tube  and  the 
dranght  turned  on.  It  requires  from  two  to  three  hours  (depending 
upon  the  condition  of  the  atmosphere)  to  raise  the  temperature  of  the 
metal  on  the  interior  of  the  tube  to  a  welding  heat.  This  fact  is  ascer- 
tained by  examining  the  outside  of  the  tube  within  the  furnace,  and  the 
inside  of  the  tube  through  a  hole  pierced  through  the  cross-head  c,  and 
covered  with  a  pla  te  of  mica. 

A  welding  heat  being  obtained,  the  screw,  which  works  in  the  cross- 
head  /  as  a  nut,  is  tightened  by  means  of  the  handle  h  till  the  tube  is 
compressed  longitudinally  ^  inch.  The  tube  is  then  turned  half  around, 
the  heat  renewed  for  about  ten  minutes,  and  another  turn  given  to  the 
vscrew,  by  whicli  a  further  compression  of  }  inch  is  obtained.  The  props 
are  then  knocked  away,  the  bars  and  cross-head  fall  down,  and  the  tube, 
which  is  considerably  bulged  at  the  joint  by  the  compression  it  has 
undergone,  is  removed  on  the  porter-bar  to  the  steam-hammer,  patted 
into  shape,  and  lap-welded.  Sand  is  thrown  on  the  joint  during  this 
operation  to  protect  the  iron. 

The  face  of  the  hammer,  as  well  as  the  top  of  the  anvil,  is  semi-cylin- 
drical, to  conform  to  the  shape  of  the  exterior  of  the  tube. 

A  rule  is  then  ai)plied,  touching  at  points  a  a  (Plate  XVIII,  Fig.  5), 
equally  distant  from  the  axis,  to  ascertain  if  the  tube  is  straight^  if  not, 
it  is  at  once  straightened  under  the  hammer  before  cooling. 

Two  sections  being  thus  welded  together,  another  is  added  in  a  simi- 
lar manner;  and  finally  one  more  section,  which  completes  the  tube. 

The  furnace  used  has  a  capacity  for  about  1,500  i)ounds  of  coal — an- 
thracite coal  being  employed — and  is  so  arranged  as  to  consume  its  own 
gases.  The  amount  of  coal  consumed  in  welding  thirteen  sections  is 
about  6,900  pounds. 

It  requires  ten  hours  to  heat  up  the  furnace  when  cold,  when  working 
daily  about  four  hours.  The  fire  is  always  replenished  during  an  inter- 
val when  the  tube  is  withdrawn  so  as  not  to  interfere  with  the  heating. 
While  in  the  furnace,  should  the  joint  become  unequally  heated,  sand 
is  thrown  in  upon  the  hotter  part  to  equalize  the  temperature. 

FABRICATION  OF  THE  TUBES. 

The  A  or  main  tube  is  composed  of  four  sections  or  short  tubes  welded 
together,  each  section  consisting  of  two  bars,  which  are  united  end  to 
end  before  coiling. 

The  B  tube  and  jacket  for  tubes,  designed  to  be  inserted  from  the 
muzzle  and  from  the  breech,  respectively,  hav^e  now  to  be  made.  Their 
construction,  which  forms  the  principqil  feature  of  distinction  between 
the  two  plans  of  conversion  employed,  will  be  subsequently  described. 

The  breech-cup  is  made  from  a  solid  forging  stamjjed  into  shape  under 
the  steam-hammer.  The  collar  for  securing  the  tube  at  the  muzzle  is 
made  of  tube-iron,  fagotted  and  hammered  out  to  the  proper  size.  It  is 
then  bent  over  a  mandrel,  and  the  ends  welded  together. 

The  tube  and  its  accompanying  parts  have  now  to  be  transferred  to 
the  ''finishing  shop"  and  i^repared  for  insertion. 
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Ill 


Till'  ]K)\v('r  is  (listribMlcd  IVoni  the  iMi^iiic.  by  tlic.  sliMtt iii^,  wliic.li  con 
sists  of  rods  of  iron  ruiiiiiii<^'  the.  Iciij^tli  of  tlie  vvorksliop,  and  wlii(;li,  by 
moans  of  attaclicd  pulleys,  transmit  Mic  power  used  to  the  different 
iiiaeliines.  The  motion  is  translencd  by  means  of  belts  or  bands,  ordi- 
narily of  leather,  passing-  from  those  abov(^  mentioned  to  sinnlar  pulleys. 
These  belts  may  run  direct  to  the  machines  themseh'cs,  but  more  usually 
pass  o\'er  an  interniediate  pulley  attached  to  the  counter  shaitinji^;  this 
is  i)laced  below  tiie  ^'maiu  shattinji;-,'' Jvnd  canies  pulleys  of  different 
sizes,  and  idle  ])ull(\vs,  by  the  former  of  which  the  late  of  si)eed  may  be 
A'aried;  by  the  latter  the  machine  brought  to  rest  without  interfering 
with  the  motion  of  the  main  shafting.  Jt  is  frequently  necessary  to 
reverse  the  motion  of  a  machine,  and  this  is  effected  by  using  a  belt 
which  is  crossed  between  the  pulleys  over  which  it  ])asses. 

AVhile  belts  ai'e  giMierally  emi)loyed  to  transfer  rotation  from  one  axle 
to  another  where  these  are  at  a  considerable  distance  ai)art,  when  they 
are  very  near  each  other  toothed  wheels  are  used  of  different  form  and 
size,  according  to  the  relative  positions  of  the  axles  and  the  work  the 
machine  is  reipiired  to  perform.  "SVhen  the  axles  arc  parallel  "si)ur 
Avheels"  are  used,  in  which  the  teeth  project  radially  from  the  circum- 
ference. When  the  axles  are  not  parallel  bevel  wlieels"  are  used,  in 
which  the  teeth  are  formed  on  the  surface  of  a  cone.  Miter  Avheels  be- 
long to  the  latter  class,  and  are  used  when  the  axles  are  at  right  angles, 
and  fre(]ueutly  for  simply  changing  the  direction  of  motion. 

To  enable  the  various  machines  to  perform  the  work  required  of  them, 
the  rotary  motion  of  the  shafting  must  be  converted  into  rectilinear  and 
other  motion.  Circular  motion  is  changed  i^ito  rectilinear  by  means  of 
*'cams."  Eectilinear  motion  is  converted  into  circular  by  a  crank,  or 
by  means  of  a  pawl  and  ratchet  wheel,  the  paw  l  being  on  a  jointed  arm 
worked  by  a  cam ;  the  former  gives  continuous,  the  latter  intermittent 
motion. 

The  A  tube  and  B  tube  or  jacket  are  now  bored,  turned,  and  other- 
wise prepared  for  assembling ;  the  tube  turned  down  for  the  reinforcing 
tube  and  muzzle-collar ;  the  breech-cup  turned  on  the  inside  and  a  screw- 
thread  cut  on  the  outside,  and  the  muzzle-collar  bored  out  and  a  screw- 
thread  cut  on  the  exterior.  The  gun- casing  is  also  bored  to  receive  the 
tube,  and  a  recess  and  screw-thread  cut  on  the  muzzle-collar. 

Much  of  this  work,  including  that  of  preparing  the  sections  for  weld- 
ing, is  performed  in  an  ordinary  lathe.  As  the  gun-bed,  in  which  the 
gun-casings  are  bored  and  the  heaviest  work  generally  done,  is  a  modi- 
fication of  the  same  machine,  an  outline  description  is  here  given. 

Fig.  1,  Plate  XXIII,  represents  an  ordinary  slide-lathe,  in  which  nearly 
all  the  desired  operations  can  be  performed :  a  is  the  head-stock  " ;  h  the 
bed;  c  the  "back-center";  ^7  the  self-acting  '^slide-rest";  e  the  "face- 
plate "  or  "  chuck,"  by  which  the  article  operated  upon  is  attached  in 
position ;  /  is  the  "  back-shaft "  or  "  feeding-screw^,"  which  carries  a  short 
worm  movable  along  the  length  of  the  shaft,  in  which  works  a  "  worm- 
wheel  "  attached  to  the  "  slide-rest."  By  means  of  a  pinion  gearing  into 
rack  (g  g)  running  along  the  lathe-bed,  the  slide-rest  can  be  traversed  by 
hand. 

The  work  performed  in  such  a  lathe  re({uires  nmch  power,  and,  as  a 
consequence,  low  speed.  The  poAver  received  from  the  main  shafting  is 
lii'st  reduced  by  the  counter-shafting,  and  afterwards  to  a  different  de- 
gree by  the  ditterent  steps  of  the  conical  ]>ulleys  attached  to  the  "head- 
stock."  The  face-plate  is  fastened  to  a  mandrel,  which  passes  through 
the  conical  pulley  and  is  independent  of  it. 

The  motion  of  the  conical  i)ulley  is  transferred  in  a  reduced  form  to 
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the  face-plate  by  tlie  gearing-.  Wlieu  it  is  desired  to  give  the  face-plate 
the  same  rate  of  motion  as  the  conical  pnlley,  the  two  can  be  bolted  to- 
gether, and  the  intermediate  gearing  thrown  "  out  of  gear." 

The  cutting-tool  is  attached  at  any  inclination  to  a  liolder,  which  can 
be  moved  by  hand  on  the  slide-rest,  longitudinally  or  transversely,  by 
means  of  the  handles  shown  in  the  drawing.  These  motions  are  made 
automatic  by  connection,  through  gearing,  with  the  feed-screw.  An 
automatic  longitudinal  motion  is  given  to  the  base  of  the  slide-rest  by 
means  of  the  feeding-shaft  and  worm,  while  it  is  moved  by  hand  in  the 
same  direction — when  thrown  out  of  gear"  with  the  feeding-shaft — 
by  means  of  a  pinion  gearing  into  the  ''rack." 

The  leading-screw,"  which  in  the  plate  is  contained  between  the 
cheeks  of  the  bed,  and  consequentlj'  only  shown  where  it  gears  in  rear 
with  the  pinion-w  heel,  gi\'es  the  required  longitudinal  motion  to  the 
side-rest  in  screw-cutting.  A  series  of  change- wheels  is  provided  with 
each  lathe,  by  a  suitable  combination  of  which  any  desired  pitch  can  be 
given  to  the  thread  cut.  The  back-center  can  be  adjusted  by  hand  to 
any  i)osition,  and  in  many  machines  an  automatic  longitudinal  motion 
is  provided  hy  means  of  gearing  in  rear,  to  enable  it  to  carry  a  boring- 
rod. 

Figs.  1  and  2,  Plate  XXII,  represent  a  usual  form  of  rough  and  fine 
cutters ;  Figs.  3  and  4,  rough  and  fine  boring-tools.  The  principal  dis- 
tinction between  tools  for  rough  and  fine  work  consists  in  the  fact  that 
the  former  are  narrow^  and  deep  on  the  cutting  edge,  while  the  latter 
are  broad  and  shallow. 

Tools  used  for  boring  large  masses  of  metal  are  generally  set  in  a 
head  composed  of  hard  wood,  as  represented  in  drawings.  Ai:>ple  wood 
is  much  used  for  this  i)urx)Ose. 

Fig.  5  represents  in  cross-sections  such  a  boring-head  in  which  the 
cutting- tool  is  adjustable.  In  the  heads  represented  in  Figs.  3  and  4 
the  tool  when  worn  down  must  be  taken  out  and  reset. 

In  boring  short  tubes,  such  as  the  sections  of  the  A  tube,  the  cutter 
is  generally  passed  through  a  slot  in  the  boring  bar,  which  passes,  in 
an  ordinary  lathe,  from  the  ''  head-stock"  to  the  back-center."  The 
tube  is  then  attached  to  a  saddle  which  has  a  motion  of  translation, 
while  the  cutter  has  the  motion  of  rotation  received  from  the  head- 
stock."  Ordinarily,  both  in  boring  and  turning,  the  cutter  has  the  mo- 
tion of  translation,  while  the  tube  revolves. 

In  boring  or  turning  cast  iron,  it  is  not  usual  to  use  a  lubricant.  In 
turning  wrought  iron,  a  mixture  of  soap  and  water  is  allowed  to  drii> 
upon  the  tool,  which  serves  to  diminish  the  friction  on  the  tool  and  pre- 
serves its  temper. 

In  boring  wrought  iron,  no  lubricant  need  be  used  for  the  rough-cut, 
but  oil  must  be  used  during  the  finishing  cut.  Previous  to  the  first 
turning  of  any  article,  the  axis  must  be  found  so  as  to  center  it  truly  in 
the  lathe.  This  is  sim])ly  done  in  a  solid  cylinder  by  finding  centers  at 
each  end  with  a  pair  of  compasses ;  but  in  the  case  of  a  tube  a  mandrel 
must  be  inserte(l  in  each  end  in  order  that  the  axis  may  be  actually 
obtained. 

After  the  casing  has  been  bored  out  to  receive  the  tube,  careful 
measurements  are  made  with  the, star-gauge  for  every  inch  of  length  of 
bore.  These  measurements,  plotted  on  paper,  are  the  wwkman's  guide 
in  so  finishing  the  tube  that  the  play  between  it  and  the  casing  shall 
not  exceed  that  prescribed. 

Before  shrinking  the  reinforcing  tube  upon  the  tube  proper,  both  are 
subjected  to  the  hydraulic  test.    Tlie  a[)paratus  for  applying  this  test 
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is  illustnitcd  on  IMato  XXI.  It  consists  of  two  iron  cross-heads  fitted 
to  the  ends  of  the  tube,  and  whicli  are  enabkMl  to  snstain  the  pressure 
iXl)l)lieil  throu«ih  the  medium  of  th(»  connecting;'  rods.  J^eather  washers 
are  used  to  render  tlie  cross-heads  Avater-proof.  The  water  is  forced 
in  by  n  steam ■i)uini)  throu«4li  one  of  the  cross-lieads,  and  tlie  degree  of 
pressure — which  must  reach  ILM)  pounds  to  the  S(iuare  inch — is  regis- 
tered by  the  gauge. 

The  reinforcing  tube  is  uow  shrunk  on,  and  tlie  united  tubes  returned 
to  the  bed  and  iinished,  and  then  inserted  in  the  casing.  The  muzzle- 
coRar  is  then  screwed  into  phice,  and  the  steel  "  securing-pin"  inserted 
through  tlie  casing. 

RIFLING. 

It  is  usual  to  ritle  the  tube  before  it  is  inserted  in  the  casing;  but  as 
it  is  not  infrequently  done  at  this  stage  of  the  worlv,  the  description  of 
it  is  here  introduced. 

Only  a  single  groove  is  cut  at  a  time,  and  that,  ordinarily,  as  the  cut- 
ter is  going  down  the  bore.  All  the  grooves  in  a  gun  are  first  cut  out 
roughly  and  then  finished  with  another  cutter.  The  distance  between 
the  grooves  is  regulated  by  a  disk  fixed  to  the  breech  of  the  gun,  hav- 
ing its  perii^hery  equally  divided  by  as  many  notches  as  there  are  to 
be  grooves.  The  gun  is  fixed  each  time  by  a  pawl,  and,  Avhen  a  new 
groove  has  to  be  cut,  is  turned  round  to  the  next  notch.  Sometimes 
the  periphery  is  simply  subdivided  into  the  required  number  of  equal 
spaces,  while  a  stationary  pointer  indicates  the  position  to  which  the 
marks  on  the  disk  are  to  be  successively  brought. 

The  gun  is  held  horizontally  in  its  bed  in  front  of  the  machine,  and 
remains  stationary  while  the  head  carrying  the  cutter  moves  in  and  out 
the  bore.  Consequentl}'  it  is  necessary  to  make  the  bar,  to  which  the 
head  is  attached,  turn  as  it  advances  and  returns. 

Three  varieties  of  machines  used  in  this  country  for  ritling  guns  are 
shown  in  Plates  XXIY  and  XXY.  They  differ  from  each  other  in  the 
mechanism  employed  to  give  this  motion  of  rotation  to  the  cutter.  In 
all  of  them,  the  gun-metal  head,  which  carries  the  cutter,  fits  the  bore 
accurately  by  means  of  burnishers.  It  is  fastened  to  a  stout,  hollow  iron 
bar,  termed  the  "  riiling-bar."  This  bar  is  fixed  to  a  saddle  which  can 
be  moved  backwards  and  forwards,  but  is  capable  of  a  motion  of  rota- 
tion independent  of  it. 

Plate  XXY  represents  a  machine  in  which  this  motion  is  acquired 
through  the  agency  of  a  copying-bar."  A  small  pinion  attached  to  the 
rear  of  the  ritling-bar.  Fig.  3,  gears  into  a  rack  sliding  in  the  saddle  at 
right  angles  to  the  bar  itself.  The  outer  end  of  the  rack  is  fitted  with 
three  small  rollers,  or  friction  wheels,  which  run  along  a  copying-bar  fixed 
to  one  side  of  the  rifling-machine.  This  copying-bar  is  inclined  to  the 
rifling- bar  at  an  angle  which  depends  upon  the  twist  required.  The 
greater  the  angle,  the  more  the  rack  will  be  pulled  out  by  the  rollers  as 
the  saddle,  to  whicli  it  is  attached,  advances,  and  the  greater  will  be 
the  pitch  of  the  gBOove  cut. 

For  a  "  uniform  twist,"  the  straight  bar  is  used,  and  can,  of  course, 
be  adapted  for  any  gun. 

For  an  ^'  increasing  twist,"  the  copying-bar  assumes  the  shape  of  a 
curve  of  a  parabola. 

Figs.  2,  3,  4,  and  5  (Plate  XXIII)  represent  a  ritling-machine,  for- 
merly much  used,  but  now  almost  discarded,  in  which  the  rotation  to  the 
cutter  is  secured  by  the  bearing  of  a  plate,  fixed  near  the  muzzle  of  the 
gun  along  a  groove  cut  in  the  rifling-bar  itself.    Each  bar  is  provided 
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with  several  different  grooves,  and  cau  be  used,  consequently,  for  as 
many  different  guns.  The  objection  to  this  machine  is  found  in  the  in- 
sufficient steadiness  afforded  by  the  plate  when  the  cutter  lias  advanced 
towards  the  bottom  of  the  bore;  consequently,  when  used  at  all,  it  is 
restricted  to  the  case  of  small,  short  guns. 

Plate  XXI Y,  Fig.  1,  represents  a  rear  Aiew  of  a  machine,  in  which 
the  rotary  motion  is  given  to  the  rifling-bar  simply  by  gearing.  As  the 
bed  slides  backwards  and  forwards,  the  small  pinion  on  the  right  runs 
in  a  rack  alongside,  and  imi)arts  the  consequent  motion  through  the 
worm  to  the  pinion  or  worm-wheel  attached  to  the  rifling-bar. 

By  altering  the  relative  sizes  of  the  pinion- wheels,  any  desired  pitch 
can  be  obtained. 

Figs.  2  and  3  represent  the  same  machine  arranged  for  cutting  groo\'es 
with  increasing  twist.  The  motion  of  the  bed  is  transferred  as  before, 
by  means  of  a  rack  and  pinion,  and  worm,  to  a  worm-wheel  working  in 
a  short  rack  placed  at  right  angles  to  the  rifling-bar.  An  arm  is  hiuged 
to  the  inner  end  of  the  rack,  and  also  to  a  projection  on  the  rifling-bar ; 
consequently,  as  the  bed  moves  forward  and  backward,  the  rack  will 
move  in  and  out,  and  the  motion  of  the  rifling-bar  be  correspondingly 
controlled.  When  the  cutter  enters  the  bore,  the  rack  is  at  its  outer 
limit ;  but  as  it  moves  down  the  bore,  the  rack  slides  uniforinlj^  inwards, 
and  the  rate  of  rotation  of  the  rifling-bar  uniformly  decreases  as  the 
connecting  arm  approaches  the  vertical  position. 

All  these  machines  are  provided  with  some  one  of  the  various  arrange- 
ments for  securing  the  "return  motion." 

Fig.  3  shows  the  arrangement  of  the  cutter  and  cutter-head,  and  a 
somewhat  unusual  method  of  securing  the  muzzle  of  the  gun  in  the  bed. 
With  heavy  guns,  the  muzzle,  ordinarily,  simply  rests  in  an  adjustable 
saddle,  its  Aveight  being  sufficient  to  keep  it  steady.  Along  the  under 
side  of  the  rifling-bar  is  a  rod,  which  slides  in  a  groove.  The  front  end 
of  the  rod  is  wedge-shaped,  and  on  the  other  end  of  the  rod,  near  the 
rear  of  the  riflings-bar,  is  an  arm  which  serves  as  a  handle.  The  cutter- 
head  attached  to  the  bar  contains  the  tool  and  its  holder,  with  space 
enough  in  front  of  them  to  catch  and  contain  the  chips  of  metal  taken 
from  the  bore.  The  cutter  is  forced  out  when  the  handle  of  the  rod  is 
moved  forward,  and  returns  within  the  cutter-head  when  the  handle  is 
moved  back.  Xear  the  handle  of  the  rod  is  a  bolt,  which  is  attached  to 
the  rifling-bar.  The  distance  between  the  end  of  the  bolt  and  the  project- 
ing arm  or  handle,  determines  the  extent  to  which  the  cutter  can  be 
pushed  out.  The  nut  on  the  bolt  is  fixed,  before  commencing  work,  at 
its  proper  position  to  give  the  required  depth  to  the  grooves.  Several 
cuts  are  required  (both  in  rotighing  and  finishing),  for  each  groove,  and 
each  successive  position  of  the  cutter  is  secured  by  slightly  unscrewing 
the  bolt  before  each  cut.  In  the  drawing,  the  bolt  is  adjusted  for  the 
last  or  deepest  cut. 

A  piece  of  scantling  (Fig.  3)  is  attached  near  the  muzzle  of  the  gun, 
and  projecting  beyond  it,  and  of  such  length  and  in  such  position  that 
it  will  strike  and  push  back  the  arm  of  the  rod  when  the  cutter  has 
reached  the  end  of  the  groove.  The  motion  of  the  machine  is  then  re- 
versed, and  when  it  starts  again  after  its  return  one  workman  shoves 
the  handle  forward  again,  while  another  adjusts  the  bolt.  Xo  lubricant 
is  used  while  rifling. 

In  the  8-inch  converted  rifle,  the  grooves  commence  at  a  distance  of 
10  inches  from  the  bottom  of  bore. 
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LAlTINa. 

l)iirin<j;-  ritliiij^"  tlio  inctiil  on  tlio  ed^^cs  of  the.  grooves  occii.sioiially  be- 
comes "  buiTod."  Tlio  bore  must  therefore  be  smoothed,  and  this  is 
nceomjdished  by  a  ])roeess  calhMl  "  hi|)i)ing."  The  ()])eralion  consists  in 
■\vorkini4'  backward  and  Ibrward  in  tlie  l)ore  a  wooden  liead  covered  with 
lead  and  smeared  over  with  emery  ])()W(ler  and  oil.  The  bore  of  the 
gun  casin«»-  is  also  subjected  to  the  sanu)  o])eration  before  the  insertion 
of  the  tube. 

lioth  the  tube  and  collar  now  ])rqject  beyond  the  muzzle  of  the  cas- 
ing'. They  are  therefore  cut  otf  Hush  with  it,  and  linished  as  shown  in 
Phite  XXX. 

The  hole  is  tapped  for  the  vciut-bushing,  which  is  then  screwed  into 
place^  and  its  lower  end  linished  olf  Hush  with  the  surface  of  the  bore. 
The  gun  is  now  ready  for  final  inspection  and  powder  proof. 

INSPECTION. 

Instruments. 

1.  Star  gauge. — Tliis  is  au  instrument  for  measuring  the  diameter  of 
the  bore  of  a  gun  at  any  part.  The  head  (Plate  XXIX,  Fig.  2)  is  made 
of  brass,  with  four  steel  sockets  for  the  measuring  points  used  in  gaug- 
ing smooth-bore  guns  or  tubes,  two  of  the  sockets  being  soldered  fast 
into  the  head  and  the  other  two  movable.  The  two  stationary  points 
act  simply  as  guides,  and  are  held  horizontally  in  the  bore,  Avhile  the 
movable  or  measuring  points  are  held  and  act  vertically. 

In  front  of  this  set  are  three  movable  sockets,  used  when  gauging 
rifled  guns.  These  are  capable  of  a  lateral  motion,  to  enable  them  to 
be  adjusted  for  use  with  guns  of  any  size  or  any  number  of  grooves. 
The  staff,  to  which  the  head  is  permanently  attached,  is  a  hollow  brass 
tube,  made  in  three  or  more  sections,  and  graduated  for  its  entire  length 
into  inches  and  quarters,  commencing  at  the  measuring  points  (smooth- 
bore), so  as  to  indicate  the  distance  of  the  latter  from  the  muzzle  of  the 
gun.  Through  the  staff  runs  a  square  steel  rod,  divided  into  the  same 
number  of  sections  as  the  staff,  and  which  are  arranged  with  threads, 
so  as  to  be  screwed  together. 

The  movable  sockets  and  points  are  pushed  out  by  means  of  a  conical 
slider  attached  to  the  front  end  of  the  rod.  This  slider  tapers  0.35  of  an 
inch  in  a  length  of  22  inches,  so  that  by  pushing  the  slider  the  35th 
part  of  this  length  (about  0.06  inch)  the  distance  between  the  movable 
points  is  increased  0.01  inch. 

The  handle*  (Fig.  1)  is  also  a  brass  tube,  and  is  secured  on  to  the 
rear  of  the  square  rod.  It  has  a  sliding  motion  along  the  end  of  the 
staff  to  which  it  is  fitted.  Toward  the  front  part  is  a  slit,  on  the  side 
of  which  is  marked  a  scale  to  indicate  the  movements  of  the  measuring 
points.  Each  joint  of  the  staff  carries  a  mark  made  on  a  small  silver 
plate,  which  shows  through  the  slit  the  zero  point  on  the  scale,  when 

*  (Fig.  1)  a  &,  handle,  Avlncli  controls  the  measuring  points ;  a  c,  front  part  of  handle, 
■which  carries  the  scale  ;  d  e,  rear  part  of  handle,  which  moves  on  front  part  and  serves 
for  adjusting  the  instrument;  a,  cap,  by  which  handle  is  attached  to  square  bar;  g  is 
a  tube,  embracing  the  esq}  at  one  end,  and  held  to  it  by  a  projecting  ring  (li  h)  work- 
ing in  an  annular  groove ;  at  the  other  end  it  is  attached  by  a  left-handed  screw  to 
the  adjusting  tube  K,  which  at  its  other  end  is  joined  by  a  right-handed  screw  to  the 
front  i)art  of  the  handle ;  /,  clamp-screw,  which  fastens  together  the  front  ami  rear 
of  handle;  rear  end  of  last  section  of  staff,  with  screw-thread,  to  which,  if  desired, 
another  section  may  be  fitted. 
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the  measuring  points  are  adjusted  to  the  true  diameter  of  the  bore.  For " 
purposes  of  adjustment  the  rear  half  of  the  handle  can  be  moved  by 
screwing  backward  or  forward  along  the  front  half,  and  can  be  secured, 
when  desired,  by  a  clami)-screw. 

A  ring-gauge — being  a  simple  steel  ring  of  sufticient  thickness  to  in- 
sure stiffness — is  used  for  each  caliber  in  connection  with  and  for  adjust- 
ing the  gauge.  Each  ring-gauge  is  accompanied  by  a  set  of  measuring 
points,  which  are  screwed  into  the  sockets  by  an  ordinary  wrench.  A 
rest  in  the  form  of  a  T  (Figs.  2  and  3)  is  placed  in  the  mouth  of  the  gun 
to  support  the  instrument  in  the  axis  of  the  bore.  The  upright  branch 
is  mo\'able  for  convenience  in  packing,  and  each  carries  a  slide  which 
can  be  adjusted  for  different  sizes  of  bore.  To  facilitate  the  adjustment 
of  the  rest,  the  positions  of  the  slides  on  the  different  branches  are  per- 
manently marked  for  different  calibers  of  guns. 

Fig.  4  represents  a  ''guide"  used  in  gauging  a  rifled  gun,  to  make  the 
'  measuring  points  follow  the  lands  as  they  proceed  along  the  bore. 

The  hexagonal  hole  in  the  center  is  fitted  on  to  that  portion  of  tlie 
end  of  one  of  the  measuring  i)oints,  wiiich  is  similarly  shaped.  Two  little 
arms  on  either  side  of  the  guide-piece  face  each  other,  and  can  be  moved 
toward  or  from  each  other  by  means  of  sliding  i^lates  to  which  they  are 
attached.  For  this  adjustment  finely  divided  scales  are  marked  on  the 
sliding  plates.  AYhen  in  the  bore  the  two  arms  rest  in  two  contiguous 
grooves,  and  embrace  between  them  the  land  which  the  measuring 
l)oint  is  forced  to  follow. 

To  prevent  obstructing  the  motion  of  the  measuring  x)oint  when  it  is 
shoved  out  by  the  conical  slider,  the  arms  rest  upon  light  springs,  which 
are  simply  comi^ressed  during  the  movement. 

The  hexagonal  socket  is  made  to  turn  within  the  rest  of  the  guide- 
piece,  to  allow  the  necessary  freedom  to  the  arms. 

To  adjust  the  instrument,  the  ring-gauge  of  the  required  diameter  is 
so  held  as  to  surround  the  corresponding  points  w^hich  have  been  fitted 
to  the  sockets.  The  points  are  then  pushed  out  by  the  handle  till  in 
contact  with  the  ring  5  and  if  the  zero  points  do  not  coincide,  the  clamp- 
screw  is  loosened  and  the  rear  part  of  the  handle  screwed  backwards  or 
forwards  till  the  coincidence  is  effected.  The  clamp-screw  is  then  tight- 
ened and  the  instrument  is  ready  for  use. 

Before  and  after  every  set  of  measurements  the  adjustment  of  the  in- 
strument must  be  similarly  verified.  Where  more  than  two  lengths  are 
used,  the  staff'  must  be  sux:)ported  when  taking  measurements  near  th6 
muzzle  of  the  gun.  The  star-gauge,  its  points  and  rest,  are  packed  in 
one  box,  and  the  ring-gauges  in  another. 

2.  Calipers  for  measuring  exterior  diameters  (Plate  XXYIII,  Fig.  1). — 
This  instrument  w^as  designed  especially  for  use  in  connection  wdth  the 
construction  of  tubes  for  8-inch  converted  rifles.  It  consists  of  a  curved 
steel  plate  and  two  attached  measuring  i)oints  movable  along  the  same 
right  line.  One  of  these  points  is  fastened  to  a  rod  which  slides  in  a 
socket  attached  to  the  steel  plate.  The  rod  is  designed  to  occupy  one 
of  two  positions,  according  to  the  size  of  the  diameters  to  be  measured, 
and  is  secured  in  either  of  these  positions  by  a  clamp-screw.  At  the 
other  end  of  the  curved  plate  the  second  measuring  point  terminate 
a  graduated  limb,  which,  by  means  of  a  vernier  and  sliding  microscop 
can  be  read  to  0.001-inch.  This  limb  is  fitted  with  a  clamp  and  slo 
motion  screw,  and  has  two  sets  of  graduations,  the  one  above  the  other 
the  lower  read  from  about  9  inches  to  14  inches,  and  the  upper  from 
about  12  inches  to  17  inches.    The  lower  graduations  are  used  when  the 
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rod  ()p])()sit('  is  ])uslio(l  in  and  (tl}imi)(Ml  at  its  iinici' limit  5  tluMipper 
graduations,  when  the  rod  is  jndled  out  and  claiiijx'd  at  its  outer  limit. 

Fi^s.  '2  and  3  represent  steel  bars  14  inches  and  10  inches  long-,  re- 
spectively, which  are  used  in  adjusting-  the  calipers.  The  distance  be- 
tween the  measuring'  points  should  be  the  same  as  the  lengths  of  the 
resi)ective  bars,  in  the  positions  Avheu  the  rod  is  entirely  drawn  out 
and  when  the  rod  is  entirely  ])ushed  in.  Should  the  zero  points  of  the 
vernier  and  scale  not  coincide  when  either  bar  is  tried  between,  the 
points,  that  point  attached  to  the  rod  can  be  screwed  in  or  out,  as  uec- 
essary,  by  the  pin  shown  in  Fig*.  4. 

In  making  uice  measurements,  it  is  indispensable  that  the  plane  of  the 
instrument  be  kept  at  right  angles  to  the  axis  of  the  tube.  This  is 
secured  b^^  a  wooden  guide  (Fig.  1),  which  is  held  in  rear  of  the  instru- 
ment and  is  slid  along  the  tube  from  one  position  to  another.  The  base 
of  the  guide  has  the  same  curvature  as  the  exterior  of  the  tube,  and  is 
held  lirmly  upright  by  two  projecting  arms  extending  in  rear  from 
either  side,  and  which  rest  on  the  surface  of  the  tube.  By  keeping  the 
curved  plate  of  the  calipers  in  contact  Avith  the  face  of  the  guide,  its 
true  position  is  secured. 

3.  Standard  scale  (Fig.  5),  arranged  for  measuring  both  exterior  and 
interior  diameter. — All  other  instruments  are  verified  by  this,  and  any 
variation  from  it  is  accepted  as  an  error,  for  which  correction  must  be 
made  either  in  the  instrument  or  the  record.  The  points  and  other 
gauges  used  by  the  workman  are  measured  by  the  standard  scale  when 
new,  and  verified  from  time  to  time  during  the  progress  of  the  work. 

4.  A  graduated  wooden  staff  to  measure  the  length  of  the  bore. — This 
is  terminated  at  the  bottom  with  an  iron  measuring  point,  and  is  fitted 
near  either  end  with  wooden  supports  shaped  like  a  half  tompion,  which 
serves  to  hold  the  staff  in  the  axis  when  inserted  in  the  bore. 

5.  A  wooden  rule  for  measuring  exterior  lengths. 

6.  A  wooden  profile  to  verify  the  position  of  the  exterior  orifice  of  the 
vent. 

7.  The  vent  gauges  are  two  pointed  pieces  of  steel  wire  0.005  inch  greater 
and  less  than  the  true  diameter  of  the  vent. 

8.  The  ve7it  searcher  is  a  hooked  steel  wire  about  half  the  diameter  of 
the  vent. 

9.  A  rammer-head,  shaped  to  the  form  of  the  bottom  of  the  bore,  and 
furnished  with  a  staff,  is  used  to  ascertain  the  interior  position  of  the 
vent. 

10.  Steel  templet  for  verifying  size  and  shape  of  breech-cup,  base  of 
tube,  all  shoulders,  dimensions  of  screw-threads,  and  face  of  gun. 

.  11.  A  mirror^  sperm  candles ;  beeswax;  rubber . 

12.  Hammer;  sponge  imii  priming-wire  ;  and  iiJef///^?^  for  taking  imx3res- 
sions. 

13.  Hammer ;  imd  figure       letter  stamps,  to  affix  the  required  marks. 

INSPECTION. 

The  duties  of  the  inspection  commence  with  the  inception  of  the  work, 
and  the  most  important  are  performed  before  the  gun  is  completed. 

The  breech-cui)  is  verified  by  the  steel  templet  before  it  is  screwed 
into  place.  The  different  shoulders  and  the  shape  and  pitch  of  screw- 
threads  are  similarly  gauged  before  the  parts  are  united ;  diameters  of 
tubes  are  verified,  and  the  base  of  the  tube  and  recess  for  muzzle-collar 
before  the  insertion.    The  dimensions  of  the  casing  are  also  proven. 

When  the  gun  is  i^resented  for  final  inspection  it  is  placed  horizontally 
on  skids. 
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The  interior  of  the  hore  is  first  examined  by  reflecting  the  suu's  rays 
into  it  from  tlie  mirror  j  or,  iftlie  sun  be  obscured,  by  a  lighted  candle 
placed  on  the  end  of  a  rod  and  inserted  into  the  bore. 

The  bore  of  the  piece  is  then  measured  with  the  star-gauge.  Begin- 
ning at  the  bottom,  measurements  should' be  made  at  intervals  of  one- 
quarter  inch  to  the  front  of  seat  of  shot,  and  at  intervals  of  one  inch 
from  that  point  to  the  muzzle.  In  rilled  guns  the  measurements  are 
taken  from  land  to  land,  and  afterwards  from  groove  to  groove,  the  head 
of  the  star-gauge  being  fitted  with  a  suitable  "guide"  to  insure  the 
proper  position  of  the  measuring  points. 

To  ascertain  the  length  of  hore,  shove  the  graduated  stalf  into  the  bore 
until  the  metal  point  touches  the  bottom.  Ai)i3ly  a  straight-edge  to  the 
face  of  the  muzzle,  and  read  the  length  of  bore  on  the  staff. 

The  position  of  the  exterior  orifice  of  the  vent  is  verified  by  the  wooden 
profile,  which  is  applied  longitudinally  along  the  base ;  the  position  of 
the  steady ing-]jin  by  the  wooden  rule.  The  position  of  the  interior  orifice 
of  the  vent  is  found  from  the  marks  made  on  the  rammer-head  by  the 
vent-gauge  pushed  through  the  vent  while  the  rammer-head  is  held 
against  the  bottom  of  the  bore. 

The  diameter  of  the  vent  is  verified  by  the  gauges. 

The  ^cidtli  of  the  lands  and  grooves  is  also  verified  by  gauges,  and  an 
impression  is  taken,  in  wax  or  gutta-i^ercha,  of  the  interior  orifice  of  the 
vent,  to  see  that  it  is  finished  flush  with  the  surface  of  the  bore. 

The  face  of  the  piece  is  then  gauged  by  its  templet )  the  gun  weighed, 
and  preponderance  determined. 

MARKS. 

I 

Converted  guns  are  marked  as  follows :  The  number  of  the  gun  ;  the 
weight  oftlie  inece  in  pounds the  initials  of  the  ins2)ector''s  name,  and  that 
of  the  foundry  where  the  gun  is  converted  and  the  year  of  the  conversion 
on  the  face  of  the  tube,  in  a  circle  concentric  with  the  bore,  in  letters 
and  figures  at  least  one  inch  long.  The  initials  of  the  foundry  where  the 
tube  is  made,  and  the  number  of  the  tube,  iu  small  type,  on  the  face  of  the 
tube,  under  the  initials  of  the  inspector. 

The  results  of  all  final  measurements  and  examinations  are  noted  on 
the  inspection  report  of  the  gun. 

8-INCH  CONVERTED  RIFLES,  MUZZLE-INSERTION  (PALLISER). 

PARTS. 

1.  The  gun-casing  bored  out  to  receive  the  tube. 

2.  The  rifled  coiled  wrought-iron  A  tube  closed  at  the  breech  by  a 
wrought-iron  cap. 

3.  the  reinforcing  B  tube. 

4.  The  muzzle-collar.  | 

5.  The  securing-pin.  1 
0.  The  spiral  gas-escape,  which  runs  round  that  portion  of  the  A 

tube  where  turned  down  for  the  B  tube,  and  connects  with  a  small  gas-  j 
channel  through  the  casing.  i 

THE  CASING.  I 

The  gun  is  placed  in  the  bed,  and  accurately  bored  to  13.5  inches  j 
the  recess  and  screw-thread  for  muzzle-collar  cut,  and  the  gas-channel,  | 
or  indicator  hole,  bored  through  the  breech.  i 
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THE  COILED  AVUOUGIIT-IRON  TUliES. 


The  bar-irou  for  tbo  A  tiibos,  as  received  Jit  the  foundry,  is  in  lengths 
of  IS  and  I Oi  feet,  witli  the  hexa<»onal  cross-section ])rev^ioiisly  described; 
tlie  iron  for  the  !>  tubes  is  received  in  lengths  of  '2S  feet,  the  cross-sec- 
tion being  a  square  of  2^^  inches  on  a  side. 

Tlie  weights  are  about  as  follows : 


Tlie  xV  tube  is  made,  as  previously  described,  in  four  sections,  or  short 
tubes  welded  together.  The  ]>  tube,  like  the  sections  of  the  A  tube,  is 
formed  from  two  bars,  which  are  united,  end  to  end,  before  coiling.  The 
long  bars  for  the  A  tube  are  employed  in  the  breech  section,  in  order  to 
give  that  section  such  length  that  the  joint  between  it  and  the  next 
section  shall  be  well  in  advance  of  the  B  tube. 

Transferred  to  the  finishing-shop,  the  B  tube  is  bored  out  to  10  inches 
and  rough-turned  to  13.75  inches ;  the  A  tube  is  rough-turned  to  the 
same  diameter  and  rough-bored  to  a  little  less  than  8  inches ;  turned 
down  for  the  muzzle-collar  and  for  the  B  tube  (allowing  0.003  inch 
shi'inkage),  and  the  screw-thread  cut  for  the  breech-cup. 

The  breech-cup  is  then  screwed  into  place  and  the  spiral  gas-escape 
cut  upon  the  A  tube. 

Both  tubes  are  now  subjected  to  the  hydraulic  test. 

The  B  tube  is  now  shrunk  upon  the  A  tube.  This  operation  is  con- 
(1  ucted  as  follows  : 

Tlie  B  tub^  is  stood  vertically,  breech  down,  over  a  wood  fire,  and 
surrounded  by  an  open  cylinder  of  sheet-iron.  The  A  tube  is  suspended, 
breech  down,  from  a  crane  near  by.  When  sufficiently  expanded  by 
heat,  the  B  tube  is  placed  upright  on  an  iron  platform,  under  the  A 
tube,  which  is  then  lowered  into  place,  the  weight  of  the  A  tube  forcing 
the  B  tube  well home  "  to  the  shoulder  upon  the  former.  A  small  stream 
of  water  is  then  thrown  upon  the  exterior  near  the  shoulder  (the  rest  of 
the  tube  is  x)artially  protected  from  the  water)  to  cool  the  B  tube  in  that 
vicinity  first,  and  thus  prevent  the  open  joint  which  is  apt  to  occur  from 
the  longitudinal  contraction  of  the  B  tube  in  cooling.* 

The  tube  is  then  returned  to  the  lathe  and  turned  to  fit  the  casing, 
allowing  a  play  of  0.007  inch  between  its  diameter  and  that  of  the  casing 
for  a  distance  of  32.75  inches  from  the  bottom,  and  of  0.015  inch  for 
the  remainder  of  its  length. 

The  tube  being  now  ready  for  insertion,  it  is  oiled  and  then  wii)ed,  • 
and  the  breech  smeared  with  red  lead.  It  is  then  lifted  by  a  crane, 
swung  round  in  front  of  the  muzzle  of  the  casing,  and  inserted  as  far 
as  the  slings  will  permit.  The  slings  are  then  removed  and  a  block 
and  tackle  attached  to  the  muzzle,  by  means  of  which  the  tube  is 
forced  hoi\ie.  The  tube  is  then  withdrawn,  and  the  breech  end  exam- 
ined to  ascertain  that  it  has  an  even  bearing  upon  the  bottom  of  the 
bore  of  the  casing,  and  also  that  the  curved  portion  of  the  bottom  of 
the  tube  is  not  in  contact  with  the  corresponding  curved  portion  of  the 
(casing,  a  difference  of  0.005  inch  between  their  radii  being  here  required 
to  prevent  the  tube  from  acting  as  a  wedge,  with  the  tendency  to  split 
open  the  cast-iron  casing. 

*As  a  point  of  fact,  tliis  joint  always  proves  more  or  less  o^oen  (rarely  exceeding; 
however,  0.02  inch  or  O.O'.i  incli),  and  is  subsequently  closed  on  the  exterior  while  being 
tinished,  by  crowding  into  it  with  the  hammer,  the  metal  of  a  small  lip  left  on  the  B 
tube  while  being  turned. 


Pounds. 


Long  bar  for  A  tube 
Short  bar  for  A  tube 
liar  for  B  tube  , 


749 
678 
608 
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These  important  points  having  been  satisfactorily  established,  the  tube 
is  wiped  and  again  inserted  and  forced  ''home." 

The  muzzle-collar  is  then  screwed  into  place^  and  the  steel  securing- 
pin  inserted  through  the  casing. 

TABLE  II. 

Dimensions  and  variations  allowed  for  8-inch  rifles,  converted  (muzzle-insertion). 


Subject  of  luoasuremciit. 


Dimensions. 


Prescribed.  Actual 


Totiil  lengtli  of  tube  

Total  length  of  bore  of  casing  

Maximum  eccentricity  of  bore  of  casing  

Length  of  B  tube  

Interior  diameter  of  B  tube  

Diameter  of  A  tube  imdernealh  B  tube  , . . . 

Shrinkage  

Depth  of  gas-escape  on  A  tube  

Width  of  gas-escape  ou  A  tube  

Pitch  of  s])iral  of  gas-escape  

Depth  of  wrought-iron  cui)  at  bottom  of  tube  

Thickness  at  bottom  of  Avrought-irou  cup  

Diameter  of  cup  over  threads  

Pitch  of  thread  on  cup  

Diameter  of  interior  of  cup,  at  i  bottom  " 

Diameter  of  finished  tube,  from  bottom  to  32  inches  

Diameter  of  bore  of  casing,  from  bottom  to  32  inches  

Corresponding  play  

Diameter  of  finished  tube,  from  32  inches,  from  bottom  to 

muzzle  

Diameter  of  bore  of  casing,  from  32  inches,  from  bottom  to 

muzzle  

Corresponding  play  

Length  of  neck  of  tube  under  muzzle-collar  

Length  of  muzzle-collar  

Length  of  recess  in  casing  

Length  of  screw  on  muzzle-collar  

Length  of  screw  on  recess  in  casing  

Excess  in  length  of  screw  on  collar  over  that  on  recess  

Diameter  of  tube  over  neck  

Interior  diameter  of  muzzle-collar  


Corresponding  play  

Diameter  of  muzzle-collar  across  threads  

Diameter  of  recess  on  casing  

Play  between  collar  and  casing  

Thickness  of  collar  

Pitch  of  thread  on  collar   , ,   

Radius  of  curve  at  bottom  of  bore  of  casing  

Eadius  of  curve  at  bottom  of  tube  

Diameter  of  gas-channel  through  casing  

Distance  of  interior  orifice  below  axis  of  bore...  

Distance  of  exterior  orifice  from  tangent  to  bottom  of  gun. 

Lengtli  of  bore  of  A  tube  

Length  of  rifled  portion  of  bore  

Diameter  of  bore  across  lands  

Width  of  grooves  

"Width  of  lands  

Depth  of  grooves  

Pitch  of  rifling  

Diameter  of  vent  

Diameter  of  vent-biishing  

Axis  of  vent  from  bottom  of  bore  

Axis  of  vent  from  vertical  plane  through  axis  of  bore  

Length  of  securing-pin  

Diameter  of  securing-pin  

Distance  of  securing-j^in  from  muzzle  


Inches. 

120 

120 

.002 
32.  75 
10.  00 
10.  003 

0.  003 

0.  05 

0. 10 

7.3 

2.  75 
2.75 
7.8 
0.3 

7.  00 
4.6 

13.  493 
13.  500 
.007 

13.  485 

13.  500 
.015 

3.  75 
3.  75 
4.4 
2.  90 

2.  775 
.125 

12.  00 
12.01 

.01 

13.  80 
13.  81 

.01 

0.9 

0.3 

L  75 

L  80 

0.2 

5.  00 

9.9 
117. 25 
107.  25 

8.  00 

.  83776 
.  83776 
.075 
40  feet . . . . 

0.  2 

1.  00 

3.  50 

2.  50 
5.  25 
L  50 

60 


Variations. 


Allowed. '  Actual. 


Inches. 
0 

±0.1 

} » 

0 

±  .01 

0 
0 

±  .05 
±  .05 

.01 

0 

.01 
.01 

+0 
I  ±0.1 
0 

j  ±0.1 
±  .2 
1+0.1 
.02 
j±0.3 
0 

|±  .03 

0 

±  .01 

0 

I  ±  .01 

±  .02 
±  .2 
±  .2 
±  .02 
±  .25 
0 

±  .01 
±  .01 

.005 

0 

±  .005 
±  .01 
±  .2 
±  .05 
±  .02 
.005 
0.2 


Proof. — Two  rounds,  with  battering  charges  and  full  weight  projectiles,  are  fired  for  proof  of  con 
verted  rifles. 
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§-INCH  CONVERTED  RIFLES,  BREECH-INSERTION  (PRESENT  SYSTEM). 

PARTS. 

1.  Tlio  guM  casing,  A  (Plate  XXX},  bored  out  to  receive  the  tube. 

1*.  Tlie  rilled,  coiled  wrouglit-irou  tube,  13. 

;5.  Tlie  jacket,  C. 

i.  The  breech-plug",  1). 

,").  The  uuizzle-collar,  E. 

().  The  breech-cup. 

7.  The  securing-pin. 

THE  CASING. 

The  gun  is  placed  in  the  ''bed,"  and  a  "piercer,"  introduced  at  the 
nuizzle,  runs  from  the  bottom  of  the  bore  through  the  breech. 

The  opening  thus  obtained  is .  gradually  enlarged  till  it  reaches  the 
size  of  the  bore  (10  inches),  and  the  entire  length  of  the  gun  is  then 
bored  to  a  diameter  of  10.5  inches.  After  the  ''recess"  and  screw-thread 
for  the  muzzle-collar  have  been  cut,  the  gun  is  reversed  in  the  bed,  and 
rough  and  fine  bored  successively  as  follows : 

For  a  distance,  from  the  tangent  at  the  base,  of  68.16  Inches,  to  11.5 
inches ;  for  distances,  from  the  same  tangent,  of  50.66  and  22.24  inches, 
to  diameters  of  13.5  and  14.7  inches,  respectively.  These  distances  in- 
clude the  lengths  of  the  uniting  surfaces. 

A  screw-thread  is  now  cut  in  the  breech  end  of  the  casing,  the  depth 
of  which  is  0.4  inch;  the  width,  0.1  inch ;  and  the  pitch,  2.54  inches. 

The  casing  is  then  carefully  measured  with  the  star-gauge  for  every 
inch  of  length  along  both  horizontal  and  vertical  diameters,  and  the 
results  plotted  and  marked  on  paper.  A  very  carefully  made  wooden 
profile  is  also  fitted  in  the  bore  for  its  entire  length,  and  a  metallic  tem- 
plet accurately  adjusted  to  the  threads  of  the  screws. 

The  bar-iron  is  received  at  the  foundry  in  the  following  sizes  and 
lengths: 

For  tubes,  2.25  inches  square,  27  feet  long ;  weight,  450  pounds. 
For  jackets,  2.25  inches  square,  18  feet  long;  weight,  306  pounds. 
For  jackets,  4  by  3.35  inches  (hexagonal),  20  feet  long;  weight,  811 
pounds. 

The  ends  which  are  cut  from  the  bars  at  the  rolling-mill  are  used  in 
the  construction  of  the  section  which  finds  place  at  the  rear  of  the  jacket. 

The  tube  is  made  in  four  sections  and  the  jacket  in  three,  all  the 
sections  of  the  tube  and  the  two  forward  ones  of  the  jacket  being  formed 
from  two  bars  which  are  united  end  to  end  before  coiling. 

When  prepared  for  welding,  the  rear  section  for  the  jacket  is  about 
32  inches  long,  bored  to  6  inches,  and  with  an  exterior  diameter  of  about 
16.25  inches;  the  middle  section  (made  of  iron  4  by  3.35  inches)  is  about 
31  inches  long  with  the  same  exterior  and  interior  diameters  for  one-half 
its  length,  and  for  the  remainder  an  exterior  diameter  of  about  15  inches 
and  an  interior  diameter  of  9.5  inches ;  the  front  section  (made  of  2.25 
inches  square  iron)  about  32  inches  long  with  the  smaller  exterior  and 
interior  diameters  of  the  middle  section. 

•  After  welding  one  middle  section  to  an  end  of  the  rear  section,  another 
is  welded  to  the  free  end  of  the  first-mentioned  section.  The  three  sec- 
tions thus  united  are  placed  in  the  lathe  and  a  cut  taken  midway  between 
the  joints ;  and  to  each  of  the  two  short  tubes  thus  formed  a  front  section 
is  subsequently  welded. 
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The  jacket  is  then  cut  to  a  leng  th  of  about  GO  inches,  in  such  manner 
as  to  throw  the  joint  between  tlie  rear  section  and  coiled  section,  at  a 
distance  of  49.25  inches  from  the  front  of  the  jacket.  It  is  then  bored 
for  a  length  of  43  inches  from  the  front  to  a  diameter  of  10.5  inches,  the 
screw-thread  to  receive  the  cast-iron  breech-plug  cut  in  the  rear  part, 
and  rough  turned  for  its  entire  length. 

After  the  tube  has  been  turned  down  for  the  jacket,  and  for  the  rest 
of  its  length  rough  turned,  both  tube  and  jacket  are  proved  with  water 
— 120  pounds  to  the  square  inch. 

The  jacket  is  finished  about  j^g-inch  shorter  than  the  corresponding 
length  of  the  tube,  to  insure  contact  between  the  base  of  the  tube  and 
the  shoulder  of  the  jacket  when  the  two  are  united  by  shrinking. 

To  prevent  the  jacket  from  turning  upon  the  tube  during  the  opera- 
tion of  screwing  the  two  into  the  casing,  two  dowels  are  screwed  into 
the  base  of  the  tube,  the  projecting  ends  of  which  are  designed  to  fit 
into  corresponding  recesses  in  the  shoulder  of  the  jacket.  To  insure 
this  fit,  which  must  be  accomplished  during  the  operation  of  shrinking 
(of  short  duration),  the  screw-threads  for  the  dowels  in  the  base  of  the 
tube  are  tapped  through  holes  in  a  steel  templet,  which  is  so  shaped  on 
its  two  faces  as  to  fit  the  base  of  the  tube  and  the  face  of  the  shoulder 
of  the  jacket. 

The  recesses  in  the  jacket  are  bored  through  the  same  holes  in  the 
same  temi^let,  and  the  necessary  accuracy  consequently  assured. 

The  jacket  is  then  shrunk  on  the  tube.  The  united  tube  is  then  ac- 
curately turned  as  far  as  that  point  on  the  jacket  where  the  screw-thread 
commences,  to  the  dimensions  of  the  bore  of  the  casing,  into  which  it  is 
afterwards  gradually  fitted,  slight  corrections  where  necessary  being 
made  with  the  file.  A  wooden  profile,  fitted  accurately  to  that  which 
had  been  adjusted  to  the  bore  of  the  casing,  is  used  to  assist  in  fixing 
the  shoulders  and  connecting  surfaces  on  the  tube.  The  thread  is  then 
cut  upon  the  rear  part  of  the  jacket.  A  steel  templet,  the  reciprocal  of 
that  which  had  been  fitted  to  the  thread  in  the  casing,  is  used,  in  con- 
nection with  the  calipers,  to  gauge  the  thread. 

The  cast-iron  breech-plug  is  cast  from  the  air-furnace,  turned,  and  its 
screw-thread  cut.  The  rear  end  of  it,  being  square,  supplies  a  point  of 
application  for  the  lever  in  screwing  the  tube  into  place. 

To  enable  the  tube  to  be  withdrawn  while  fitting  it  into  place,  the 
breech-plug  is  secured  to  the  rear  face  of  the  jacket  by  a  steel  pin. 

The  shoulders  are  now  smeared  with  red  lead,  and  the  tube  is  first 
inserted  by  blocks  and  tackle,  and  finally  screwed  home."  The  power 
is  applied  by  means  of  a  heavy  iron  lever,  which  is  worked  by  a  crane. 
The  tube  is  then  withdrawn  to  examine  the  contact  of  the  shoulders  5 
after  this  has  been  made  satisfactory,  the  tube  is  finally  inserted. 

The  muzzle-collar  and  securing-pin  are  then  screwed  into  place,  and 
the  cast  iron  breech-plug  finished. 
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CONSTRUCTION  REPORT  OF  AN  §-INClI  MlIZZEE-LOAl)IN(i  RIFLE  CON- 
VEKTEI)  FROM  A  lO-lNClt  RODMAN  SM( )OTI f-lU)RE  BY  JJNING,  BY 
BREECII-INSERTION,  WJTII  A  COIIvEI)  VVJiOlKJ IIT-I RON  1  HUE,  HAVING 
A  JACKET  SHRUNK  ON,  EXTENJ)IN(J  T11R0U(JH  THE  liliEECH. 

PRELIMINARY  REMARKS. 

(Plato  XXX.) 

The  difticulties  of  socuriiig"  perfect  Aveldiiigs  in  coiled  wroiiglit-iron 
tubes  have  led  in  some  iiistaiices,  in  the  history  of  tlie  employnient  of 
liuiiig's  constructed  in  the  manner  ami  on  the  present  plan  of  muzzle-in- 
sertion, to  the  development  of  grave  accidents  in  service,  tubes  being 
blown  out  and  the  muzzles  torn  oft\  all  from  defective  welds. 

The  most  satisfactory  and  secure  remedy  for  this  imperfection  un- 
doubtedly lies  in  the  ])rovision  of  a  shoulder-on  the  tube  (in  front  of  the 
charge),  the  gun  being  recessed  for  its  reception. 

An  otherwise  strong  and  durable  construction,  embodying  this  feature, 
must  accordingly  have  an  important  advantage  over  the  present  plan 
of  muzzle-insertion,  in  which  no  adequate  provision  can  be  made  to  pre- 
vent the  destructive  effects  of  a  tube  being  blown  out.  This  accident  is 
likely  to  occur  if  all  the  welds  are  not  sound — a  perfection  which  it  is 
impossible,  from  the  nature  of  the  construction  of  coiled  wrought-iron 
tubes,  to  uniformly  and  certainly  attain. 

The  uniform  success  of  our  present  guns  is,  in  a  measure,  due  to  excel- 
lence of  work  and  care  in  manufacture;  but  it  is  evident  that  a  decided 
improvement  attains,  if  we  cun  have  perfect  immunity  from  the  defect 
alluded  to  above,  while  securing  a  perfectly  reliable  construction  in  other 
respects. 

A  consideration  of  the  question  has  led  to  the  construction  of  a  gun 
on  an  improved  plan  of  breech-insertion,  having,  it  is  believed,  more 
dimability  than  the  i^resent  plan  of  muzzle-insertion,  and  securing  the 
other  advantages  above  quoted. 

The  imperfections  of  breech-insertion,  in  alterations  heretofore  made, 
have  arisen  from  the  mode  of  construction  employed,  to  wit,  separating 
the  breech-plug  from  the  strengthening  tube  shrunk  on  the  inner  tube 
or  lining ;  also  from  the  solid  construction  of  the  plug. 

The  throwing  of  the  entire  longitudinal  strain  on  to  a  breech-plug  by 
depriving  it  of  all  assistance  from  the  longitudinal  strength  of  the  envel- 
oping jacket,  produces  a  line  of  longitudinal  weakness  at  the  junction  of 
the  tube  and  plug,  where  the  longitudinal  and  tangential  strains,  under 
fire,  combine  to  produce  rupture.  This  fact  is  well  established  by  experi- 
ments in  England. 

In  the  construction  under  consideration,  the  jacket  is  shrunk  on  the 
"tube,  and  extends  continuously  with  a  uniform  thickness  from  a  i^oint 
a  short  distance  in  front  of  the  trunnions  to  the  breech-cup  of  the  inner 
tube,  and  thence,  with  an  increased  thickness,  clear  through  the  breech 
to  its  face. 

This  unbroken  continuity,  and  the  yielding,  hollow,  wr.ought-iron  breech 
thus  formed,  give  all  the  strength  desirable  at  the  bottom  of  the  bore 
to  resist  the  combined  longitudinal  and  tangential  strains  at  that  point; 
and  the  breech  portion  of  the  jacket,  by  its  hollow  form  being  permitted 
to  expand  in  unison  with  the  tube  when  the  latter  is  distended  under 
the  strains  of  discharge,  avoids  the  danger  of  rupture  liable  to  result 
from  the  rigidity  of  a  solid,  unyielding  breech.    A  square  cut  plus  thread 
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cut  on  the  breecli  portion  of  the  jacket  corresponds  with  a  minus  thread 
cut  on  the  cast  iron,  each  to  form  the  union  of  one  with  the  other.  The 
area  of  cross-section  of  the  wrought  iron  is  such  as  to  have  its  strength 
proportional  to  the  strength  of  the  thread  on  the  cast  iron,  reference 
being  had  to  the  relative  strength  of  the  two  metals. 

The  breech  portion  of  the  jacket,  it  will  be  observed,  is  so  constructed 
as  to  overlap  the  bottom  of  the  tube  and  the  exterior  portion  of  its 
cup.  The  longitudinal  thrust  consequently  is,  at  this  point,  principally 
borne  by  the  wrought-iron  jacket,  and  not  by  the  secondary  breech-plug, 
simply  used  to  close  the  hollow  part  of  the  former.  By  these  arrange- 
ments, the  greatest  resistance  is  secured  to  longitudinal  strains. 

A  breech-plug  of  cast  iron  completes  the  construction  of  the  breech. 
The  inner  tube,  shouldered  and  closed  at  the  bottom  in  the  usual  man- 
ner, completes  the  mention  of  the  general  features  of  the  construction. 

It  will  be  seen  that  the  jacket  (I'^o  thick)  extends  to  the  froiit  a 
distance  of  about  40  inches  from  the  bottom  of  the  bore,  thus  reinforc- 
ing the  inner  tube  {V'.2o  thick)  to  a  greater  length  than  in  the  case  of  the 
B  tubes  of  the  present  constructions,  and  consequently  fully  strength- 
ening it  over  all  the  space  w^here  the  pressures  are  at  all  dangerous. 


Plate -XXX  represents  a  10-inch  Eodman  smooth-bore  gun,  with  its 
lining  inserted  from  the  breech. 

Tlie  gun  is  essentially  comjiosed  of  three  x)arts  :  (A)  the  original 
10-inch  smooth-bore,  bored  out  to  receive  the  lining;  (B)  a  lining  tube 
of  coiled  wrought  iron  (welded),  with  a  jacket  (0)  of  wrought  iron 
with  its  hollow  base  or  plug  extending  to  the  face  of  the  breech  ;  and 
the  breech-plug  (D).  The  bottom  of  the  tube  is  closed  by  a  wrought- 
iron  base  or  cup  (F).  A  shoulder,  on  the  inner  tube,  prevents  the 
tube  from  being  thrust  forward  by  the  effects  of  repeated  firings,  or 
blown  out  from  imperfect  coil-welds.  A  screw  collar,  E,  at  the  muzzle, 
gives  additional  security,  resisting  any  forward  thrust  of  the  metal  of 
the  tube  in  front  of  the  shoulders.  The  dimensions  of  the  finished  bore 
of  the  cast-iron  body,  and  the  exterior  dimensions  of  the  wrought-iron 
tube,  are  given  in  Table  Xo.  1. 

It  will  be  seen  that  the  play  between  the  cast-iron  body  and  tube  and 
jacket  does  not  exceed  0.01  inch  for  a  length  of  88  inches  from  the  muzzle; 
nor  0.004  inch  from  this  point  to  the  commencement  of  the  screw-thread. 

The  greatest  diameter  of  the  tube  and  jacket  is  14.7  inches.  The 
diameter  of  the  tube  from  the  muzzle-collar  to  the  first  shoulder  is  10.5 
inches.  The  maximum  thickness  of  the  tube  and  jacket  is,  therefore, 
3.35  inches  and  the  minimum  thickness  of  the  tube  is  1.25  inches. 


.The  rifling  of  the  gun  consists  of  15  lands  and  grooves,  each  of  equal 
width. 


Twist  uniform,  one  turn  in  40  feet. 

The  rifling  stops  at  a  point  10  inches  from  the  bottom  of  the  bore,  and 
the  diameter  of  the  unrifled  portion  of  the  bore  is  equal  to  that  of  the 
rifled  portion  across  lands. 


DESCRIPTION  OF  THE  GUN. 


RIFLING. 


Widtli  of  lands  and  grooves 
Depth  of  grooves  


0,  8'A77  incli. 
0.  075  inch. 
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YENTINd. 


The  old  vcMJt  was  closed  (tlio  coi)j)er  lmsliin<;-  liaviuj?  beon  removed) 
by  Ji  wi'Oii^iit-irou  s(}i'e\v-])luj>',  tiiid  2.75  inches  nearer  the  nmzzle  a  new 
cue  was  bored,  i)arallel  to  the  vertical  i)laiie  through  tlie  axis  of  the 
bore,  and  distant  theret'roni  'JfA)  inches.  The  axis  of  the  vent  enters  the 
bore  at  i^..")  inches  from  the  bottom. 


FABRICATION  OF  THE  CfUN. 


The  tul)e  was  manufactured  and  work  of  conversion  performed  at  the 
West  l*oint  foundry. 

The  gun  selected  for  the  conversion  was  lO-inch  Kodman  gun  ^o.  IG, 
manufactured  at  the  South  Boston  foundry,  and  inspected  and  prov^ed 
in  1805. 

The  mechanical  tests  of  the  metal  employed  gave  the  following  results : 

Density   7.223 

Tenacity,  pounds,  per  square  incli   31,315 

The  tube  was  made  of  2.25  inch  coiled  Ulster  tube-iron ;  the  jacket 
of  coiled  Ulster  tube-iron  4  by  3.35  inches,  and  its  rear  section  of  a  forg- 
ing from  scrap  of  the  same  iron;  the  breech-plug  of  gun  metal. 

The  following  results  were  obtained  by  mechanical  tests  of  the  iron 
used.  The  specimens  of  the  bar  iron  were  taken  from  the  bar  and  with 
the  fiber : 


Specimens. 


1.  From  2  25  iuclies  bar  ?  rp„v^ 

2.  From  2.25  inches  bar  5   

3.  From  4  by  3.35  inches  bar  ?  „ppfinTic,  nf  inrl-pt 

4.  From  4  by  3.35  inches  bar  5  ^^^'^^^  s^ections  ot  jacket 

5.  Taken  from  solid  forging,  rear  section  of  jacket  

6.  Taken  from  casting,  breech-plug  


Inches. 
0. 19635 
0. 19635 
0. 1963 
0. 1971 
0. 19635 
1. 112 


7.  3426 


Pounds. 
51,  925 
46,  855 
46,  855 

48,  698 

49,  402 
29,  221 


c  p 
W.2 


Inches. 
0.280 
0.  2.525 
0.  300 
0.  3168 
0.  2626 


The  tube  was  made  in  the  usual  manner  in  four  sections.  The  jacket 
was  made  in  three  sections,  the  rear  one  from  the  solid  forging.  When 
prepared  for  welding,  the  rear  section  was  22.5  inches  long,  and  bored 
to  6  inches ;  the  middle  section  was  31  inches  long,  and  bored  for  one- 
half  its  length  to  6  inches;  for  the  other  (the  front)  half  to  9.5  inches  j 
the  front  section  was  32  inches  long  and  bored  to  9.5  inches.  After 
welding,  the  jacket  was  cut  to  a  length  of  about  GO  inches,  in  such  man- 
ner as  to  throw  the  joint  between  the  forged  and  coiled  sections  at  a 
distance  of  49.25  inches  from  the  front  of  the  jacket. 

After  the  tube  had  been  bored  out,  fitted  with  a  breech-cup,  and 
turned  down  to  receive  the  jacket,  and  the  latter  bored  to  a  diameter 
about  0.005  inch  less  than  the  corresponding  diameter  of  the  tube  and 
rough  turned  to  a  diameter  slightly  in  excess  of  its  greatest  finished 
dimensions,  both  were  i)roved  with  water  (120  pounds  to  the  square 
inch).  The  jacket  was  left  about  fV-inch  shorter  than  the  tube  where 
turned  down  to  receive  it,  to  insure  contact  between  the  base  of  the 
tube  and  the  corresponding  shoulder  of  the  jacket  when  united  by 
shrinking. 
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To  prevent  the  jacket  from  turuiug  upon  the  tube  during  the  operation 
of  screwing  the  two  into  the  threads  prepared  for  them  in  the  casing, 
two  dowels  were  screwed  into  the  base  of  the  tube,  which  were  designed 
to  tit  into  corresponding  recesses  in  the  shoulder  of  the  jacket.  To  in- 
sure this  fit,  which  must  be  accomplished  during  the  operation  of  shrink- 
ing, the  screw-threads  for  the  dowels  in  the  base  of  the  tube  were  tapped 
through  holes  in  a  steel  templet,  which  was  so  shaped  on  its  two  faces 
as  to  fit  the  base  of  the  tube  and  the  face  of  the  shoulder  of  the  jacket. 
The  recesses  in  the  jacket  were  then  bored  through  the  same  holes  in  the 
same  templet. 

The  jacket  was  then  shrunk  onto  the  tube,  and,  after  cooling,  the  for- 
ward joint  between  the  two  was  found  to  be  closed  to  within  0.03  inch. 
The  joint  was  subsequently  closed  on  the  exterior  by  crowding  into  it 
metal  from  a  lip  left  for  the  purpose  on  the  tube. 

The  exterior  of  the  tube  and  jacket  was  then  turned  to  diameters  as 
nearly  approaching  those  of  the  larger  and  smaller  portions  of  the  cast- 
iron  body  as  was  comi)atible  with  their  insertion  hj  mechanical  means, 
and  a  screw-thread  was  cut  upon  the  base  of  the  jacket  to  correspond  to 
that  cut  in  the  breech  of  the  casing. 

The  tube  and  jacket,  as  a  whole,  were  then  inserted,  forced  down  in 
the  casing,  and  screwed  home  into  position  by  means  of  levers,  after 
which  the  muzzle-collar  was  screwed  in  and  the  steel  pin  inserted. 

INSPECTION. 

Careful  inspection  was  made  of  every  detail  incident  to  the  construc- 
tion, and  the  gun,  after  completion,  finally  inspected,  accepted  as  satis- 
factory, and  shipped  to  Sandy  Hook  for  powder  proof. 

Fr'uieipal  dimensions. 


Leugtli  of  bore  inches. .  117.25 

Length  of  tube  do   120 

Length  of  j  acket  over  tube  do ... .  43 

Total  length  of  finished  tube  do ... .  136.  66 

Interior  diameter  of  jacket  do   10.  50 

Exterior  diameter  of  tube  under  jacket  do   10.  507 

Diameter  of  finished  tube  from  screw  thread  to  first  shoulder  do   14. 712 

Corresponding  diameter  of  bore  of  casing  do.'. . .  14.  714 

Diameter  of  finished  tube  from  first  shoulder  to  second  shoulder  do   13.  494 

Corresponding  diameter  of  bore  of  casing  do   13.  498 

Diameter  of  finished  tube  from  second  shoulder  to  third  shoulder  do   11.  489 

Corresponding  diameter  of  bore  of  casing  do   11.  494 

Diameter  of  finished  tube  from  third  shoulder  to  neck  do   10.  489 

Corresponding  diameter  of  bore  of  casing  do   10.  495 

Number  of  lands  and  grooves   15 

Width  of  lands  and  grooves  inches . .  0.  83776 

Depth  of  grooves  do   0.  075 

Twist  uniform,  one  turn  in  40  feet. 

Weight  of  gun  pounds . .  16,  020 

Counter-preponderance  do   189 


BRONZE. 

Bronze  for  cannon  consists  of  90  parts  pure  copper  and  ten  parts  pure 
tin,  allowing  a  variation  of  1  part  of  tin  more  or  less.  If  the  mixture  is 
well  effected,  the  metal  is  nearlj^  homogeneous,  fracture  uniform  in  grain 
and  even  in  color.  The  specific  gravity  of  bronze  is  about  8.750,  being 
greater  than  the  mean  of  the  metals  of  the  alloy. 

Fure  copper  is  of  a  red  color  and  fine  metallic  luster.  Cast  copper  has 
an  even  grained  fracture ;  forged  bar  copper  shows  a  short,  even,  close 
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•iriiin  and  silky  appcarancx' 5  it  is  stroiif;',  very  duct ile,  and  very  iiuil- 
leablo  according-  to  its  purity.    Speeitii;  gravity  from  .S.CHK)  to  1). ()()(). 

J*((rc  tin  is  of  a  uhitc  color,  a  little  darker  than  silver,  very  malleable, 
and  suscej)tible  of  being  rolled  into  thin  sheets,  solt  and  not  very  ductile. 
In  rods  or  bars  on  being  bent  it  gives  a  ])eculiar  creaking  sound,  distinct 
in  proi)orti()n  to  its  ])urity.    Specific  gravity,  7.290  to  7.',V2i). 

All  hroKzc  should  be  rejected  which  contains  suli)hur  in  an  appreciable 
amount;  ^vhi(^h  contains  more  than  about  one-thousandth  of  arsenic  and 
antimony;  more  than  about  three-thousanths  of  lead,  iron,  or  zhic;  or,  iu 
all,  more  than  about  tive-thousandths  of  foreign  substances. 

Management  ofbnmze.* — The  circumstances  of  chief  difficulty  and  im- 
portance in  the  nmnipulation  of  bronze  afCecting  the  production  of  can- 
non are — 

1st.  The  chemical  constitution  of  tlu^  alloy  as  influencing  the  balance 
of  hardness  and  tenacity. 

2d.  Its  chemical  constitution  and  other  conditions  intlueucing  the 
segregation  of  the  cooling  mass  of  the  gun  when  cast  into  two  or  more 
alloys  of  different  and  often  variable  constitutions. 

3d.  The  eftect  of  rapid  and  slow  cooling  and  of  the  temjjerature  at 
w  hich  the  metal  is  fused  and  poured. 

4th.  The  effect  due  to  repeated  fusions  and  to  foreign  constituents  in 
minute  proportions  entering  the  alloy. 

In  bronze,  sufficient  hardness  must  be  secured  to  resist  longest  the 
abrasions  of  projectiles  and  detlagration  of  powder;  along  with  the 
greatest  ultimate  tenacity,  there  must  be  certain  rigidity  and  ductility 
w  ith  ultimate  cohesion ;  hardness  and  rigidity  increase  with  the  pro- 
portions of  tin ;  ductility  and  tenacity  with  that  of  the  copper,  but  not 
in  direct  ratio ;  specific  gravity  increases  with  copper.  The  fusibility  is 
greater  than  cox)per,  and  less  than  tin ;  ultimate  cohesion  less  than  that 
of  tough  copper,  but  greater  than  that  of  tin ;  ductility  greater  than  tin, 
but  less  than  copper ;  hardness  greater  than  either. 

In  consequence  of  the  difference  in  the  fusibility  of  tin  and  copper, 
the  perfection  of  the  alloy  depends  much  on  the  nature  of  the  furnace 
and  treatment  of  the  melted  metal.  By  these  means  alone  the  tenacity 
of  bronze  has  been  carried  at  the  Washington  navy-yard  as  high  as 
60,000  lbs. 

THE  FABRICATION  OF  BRONZE  GUNS  AT  SOUTH  BOSTON  FOUNDRY. 

The  first  step  in  the  fabrication  at  tlie  foundry  is  to  make  an  accurate 
working  drawing  of  the  gun,  on  a  convenient  scale,  showing  all  lines 
clearly  and  with  aU  its  dimensions  distinctly  marked,  as  in  Plate 
XXXI.t 

The  subsequent  steps  vary  according  to  the  method  proposed  to  be 
used  in  casting.  Formerly  bronze  guns  were  cast  in  loam  or  sand 
molds,  but  these  have  been  superseded  by  a  thick  mold  of  cast  iron, 
called  a  chill.  When  cast  in  chills,  bronze  is  denser,  stronger,  and  more 
uniform  than  in  sand ;  there  is  less  liability  of  a  separation  of  tin,  or 
forming  of  a  tin-copper  alloy  differing  from  bronze. 

A  description  of  the  process  of  casting  in  sand  will  supply  details  re- 
quired for  an  understanding  of  the  chill- casting. 

When  a  casting  is  desired  in  sand,  a  wooden  pattern  of  the  gun  is 
made,  following  the  shai)e  of  the  drawing,  but  larger  in  all  its  dimen- 
sions, both  by  the  shrinkage  of  the  casting  and  also  by  the  amount  al- 

*  Mallet. 

t  A  drawing  of  tlie  gun  made  on  a  smootli  board,  full  size,  the  dimensions  taken 
from  the  draught,  is  also  laid  down  if  desired. 
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lowed  for  fluisliiiig,  of  uever  less  tliau  one  inch  over  the  finished  diam- 
eter. The  pattern  is  also  made  longer  than  required  for  the  gun-cast- 
ing, to  form  a  sinking-head  of  a  diameter  about  equal  to  that  of  the 
gun  at  the  muzzle',  and  with  a  volume  or  weight,  for  ordinary  guns,  about 
one-third  that  of  the  whole  casting.  This  sinking-head  supplies  fluid 
metal  to  the  casting  as  the  latter  cools,  and  receives  any  cinder  or  dross 
that  would  otherwise  remain  in  and  injure  the  casting.  The  sinking- 
head  is  cut  off  as  soon  as  practicable  after  casting. 

The  pattern  is  formed  by  i^laning  the  surfaces  of  moderatelj^  thick, 
clear  plank,  and  gluing  pieces  of  different  widths  together,  the  widest 
next  the  center  of  the  pattern,  until  a  sufficient  thickness  is  obtained 
for  each  half  the  entire  pattern,  divided  longitudinally..  Tw^o  or  more 
steadyiug-i)in^  are  then  fixed  in  one  half  of  the  rough  pattern,  with  cor- 
responding holes  in  the  other  half,  the  surfaces  having  been  fitted  neatly 
to  each  other.  The  halves  are  clamped  firmly  together,  carefully  cen- 
tered and  turned  in  a  lathe  to  the  proper  dimensions.  All  projecting 
parts  not  annular  must  be  attached  to  the  pattern  in  separate  pieces 
fitted  to  the  turned  surfaces  of  the  partly  finished  pattern.  Thus,  sep- 
arate i)ieces  are  turned  for  the  trunnions,  including  the  rimbases,  the 
sight  masses,  &c.,  and  fastened  to  the  pattern  in  their  proper  positions 
by  inns  in  the  wood,  so  that  they  may  be  readily  removed. 

The  whole  pattern  is  carefully  finished  and  smoothed  with  sand-paper, 
the  angles  and  corners  well  rounded,  and  varnished  to  jn^otect  the  wood 
from  the  moisture  of  the  sand.  The  pattern  and  loose  pieces  are  legibly 
marked. 

The/as/v  is  longer  than  the  entire  pattern  including  the  sinking-head, 
and  contains  sufficient  sand  around  the  pattern  to  permit  proper  ram- 
ining  and  to  make  the  mold  sufficiently  secure,  leaving  room  enough 
for  the  runner  or  gate  at  the  side  of  the  pattern.  The  flask  is  of  hexag- 
onal shai^e,  divided  longitudinally  in  two  parts ;  each  half  has  strong 
longitudinal  flanges,  and  is  strengthened  crosswise  by  ribs  running 
from  flange  to  flange.  Each  side  of  tlie  half  flask  which  adjoins  the 
flange  is  solid,  but  the  third  side,  which  lies  uppermost  in  molding,  is 
open  save  where  the  ribs  cross  it.  This  opening  from  one  end  to  the 
other  is  for  ramming,  and  is  closed  by  movable  plates,  which  are  held 
down  upon  the  sand  by  means  of  wedges  driven  under  the  ribs. 

For  molding^  half  of  the  pattern  is  laid  upon  a  flat  surface—'^  follow^- 
board  " — which  is  somewhat  larger  than  the  flask.  The  latter  is  placed 
over  the  half  x>attern.  Well-tempered  sand  mixed  with  clay  and  beer 
lees  is  then  rammed  uniformly  all  around  and  over  the  pattern,  so  as 
to  be  of  equal  density  and  hardness  throughout.  The  loose  iflates  are 
then  keyed  down,  the  flask  raised  and  turned  over,  and  the  surface  of 
the  sand  closely  sprinkled  with  fine,  unadhesive  parting  sand.  The 
second  half  of  the  pattern  is  laid  exactly  on  the  first  and  kept  iu  place 
by  the  steadying-pins ;  the  other  half  of  the  flask  put  on,  keyed  to  its 
fellow,  filled  with  sand,  and  rammed  evenly  round  as  before  and  its 
plates  keyed  down.  The  two  halves  of  the  flask  are  then  separated, 
the  pattern  removed,  the  main  runner  cut  with  a  suitable  tool  along  the 
sand  on  the  surface  where  the  flasks  part,  being  made  funnel-shaped  at 
the  top.  Half  the  runner  lies  in  each  part  of  the  flask,  the  main  gate  is 
cut  from  the  bottom  of  the  runner  into  the  mold  and  other  gates  above 
it.  The  main  gate  is  cut  tangent  to  the  circumference  of  the  mold, 
that  the  metal  as  it  rises  may  receive  a  rotary  motion.  The  mold  is 
put  into  a  drying  oven,  raised  to  a  high  heat,  300  degrees  or  more,  and 
thoroughly  dried.  The  whole  surface  of  the  sand  mold  is  carefully 
coated  with  a  wash  of  graphite,  fire-clay,  and  molasses  and  water,  and 
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kie  mold  dried  iigaiii  tor  ji  few  lioiirH.  When  it  is  reiidy  for  tlio  castiug 
^^e  tlask  is  placed  in  tlie  pit  npriglit  on  end.  mci    h  ,  ,;  .yMy^'^ 

W  When  a  chill  is  used,  the  process  is  as  follows :  The  chill  conforiniiig 
to  the  curves  of  the  pattern  unites  the  functions  of  the  tliisk  and  of  the 
sand  mohl,  and  by  its  hi^ii  conductinj>-  ])(>wer  rapidly  extracts  the  heat 
of  the  metal  cast  within  it.  i  wu    ■■  '■''t^ 

The  workiuflj  draft  of  the  gun  bein<i"  made  as  before,  a  drawinj^'  of  the 
chill  is  made  giving-  the  dimensions  required.  From  this  the  i)attern  is 
prepared,  so  much  being  added  to  every  dimension,  that  when  cold  after 
casting  the  interior  size^  of  the  chill  may  be  those  re(]uire(l  by  the  cast- 
ing of  the  gun.  The  chill  is  best  divided  longitudinally  into  halv^es  on 
a  plane  at  right  angles  to  the  trunnions,  and  also  horizontally  into  two, 
or,  if  the  gun  is  long,  into  more  sections,  the  lower  two  of  which,  one  on 
each  side,  sections  a  and  b  of  Fig.  I,  Plate  XXXII,  contain  the  recesses 
forming  the  trunnions  and  rimbases.  Four  [)ieces,  a,  and  are 
provided  with  flanges  for  clamping  them  together.  An  additional  sec- 
tion, c,  added  for  the  cascable,  is  made  with  a  broad  tlange  upon  which 
the  whole  chill  when  keyed  together  securely  stands.  The  gun  casting 
proper  is  thus  inclosed  in  a  cas'-  irou  mold,  and  is  quickly  chilled.  The 
sinking-head  g  is  molded  in  dry  sand,  t  ha  t  it  may  remain  liquid  to  feed 
the  casting  as  long  as  possible.* 

The  pattern  for  the  sinking-head  is  a  cylindrical  piece  of  wood,  of 
proper  diameter  and  length,  which  is  placed  within  a  long  cylindrical 
flask,  open  at  both  ends,  and  withdrawn  after  the  sand  has  been  rammed 
around  it.  This  flask,  or  "  pot,"  is  made,  fitted,  and  fastened  to  the  top 
of  the  chill. 

Two  patterns  are  requisite  for  the  chill  proper  and  one  for  the  base. 
They  are  made  from  the  proper  drawing  like  those  for  ordinary  sand 
castings,  the  internal  dimensions  being  fixed  as  in  the  method  previ- 
ously described,  by  the  shrinkage  of  the  alloy  and  the  amount  left  for 
finishing.  The  walls  of  the  chill  may  be  from  2J  to  3J  inches  thick. 
After  the  castings  are  made  they  are  carefully  smoothed  or  bored  out 
when  practicable ;  and  all  corners,  especially  in  the  trunnion  molds, 
likely  to  retain  gas  or  to  catch  dross  in  casting  are  carefully  smoothed 
over  and  rounded. 

When  a  casting  is  to  be  madcy  the  parts  of  the  chill  &,  c,  d,  and  e  are 
cleaned,  fastened  together,  covered  inside  with  a  wash  of  fire-clay,  mo- 
lasses and  water,  and  heated  to  a  moderately  high  heat  in  an  oven. 

At  casting,  the  chill  is  brought  out  and  the  sinking-headjmold  keyed 
to  it. 

The  metal  may  be  poured  direct  into  the  mold  or  through  a  separate 
runner  at  the  side  opening  into  the  chill  at  the  bottom,  as  in  Fig.  2,  Plate 
XXXII.  If  poured  direct  the  stream  falls  from  the  top  straight  down- 
ward from  a  small  box  Uned  with  sand,  which  receives  the  metal  from 
the  ladle.  If  a  side  runner  is  used  it  is  divided  longitudinally,  the 
halves  are  fastened  together  by  flanges  and  bolts.  The  base  of  the  chill 
is  fitted  to  receive  the  runner,  which  is,  at  the  bottom,  contained  in  a 
cast-iron  box  bolted  to  the  chill  and  leading  horizontally  into  the  open- 
ing. Each  half  of  the  pipe  receives  the  sand  for  the  runner,  which  is 
also  molded  as  above  and  dried  in  an  oven. 

The  side  runner  has  the  advantage  of  keeping  the  metal  cleaner  in 
the  casting  through  the  rotary  motion  imparted  by  the  stream  flowing 
into  the  mold  tangentially,  but  it  is  apt  to  leave  the  sinking-head 
too  cool,  and  hence  the  latter  is,  in  any  case,  best  poured  direct  after 

*  When  the  metal  is  poured  direct,  good  results  are  obtained  when  the  sinking-head 
is  cast  in  a  chill  section  instead  of  the  sand  mold. 
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the  mold  or  chill  has  been  filled  above  the  top  of  the  gun.  The  side 
runner  is  shown  by  ^,  Fig.  2,  Plate  XXXII,  with  its  funnel  top  i,  and 
the  cast-iron  base  box  Jc. 

For  casting,  it  is  most  conv^enient  to  place  the  chills  or  flasks  in  a  pit, 
J),  Plate  XXXIII,  in  such  a  position  as  to  be  easily  reached  by  the  crane 
ladle  o,  used  for  pouring.  The  pit  may  contain  several  chills  at  once, 
and  the  crane  m  commands  both  the  furnace  and  the  pit.  As  soon  as 
the  bronze  is  melted  the  ladle  is  brought  beneath  the  tapping  hole  n, 
the  metal  tapped  into  it,  and  the  ladle  swung  around  over  the  chills. 

The  furnace  r  is  a  reverberatory  furnace  (Plate  XXXIV)  fired  with 
soft  bituminous  coal  so  constructed  that  the  metal  as  it  melts  runs  into 
a  pool  at  the  end  furthest  from  the  fire,  thus  removing  it  from  the 
immediate  action  of  the  flame.  The  bottom  of  the  furnace  is  made  of 
fire-clay  rammed  hard.  A  door,  Q,  of  convenient  size,  is  placed  in  the 
side  of  the  furnace  for  charging,  taking  samples  of  molten  metal  for 
test,  &c.,  and  the  tapping  hole  is  usually  placed  under  it  for  conveni- 
ence of  access. 

The  furnace  is  charged  by  laying  the  metal  selected,  which  may  be 
either  old  guns  or  sinking-heads,  or  new  copper,  or  chips  from  the  lathe, 
on  boards  on  the  bottom  of  the  furnace,  distributing  it  carefully  so  as 
to  expose  all  pieces  properly  to  the  flame,  that  they  may  come  into  fusion 
at  about  the  same  time.  The  copper  is  charged  as  bought  in  pigs,  but 
guns  and  heads  are  cut  up  into  pieces  of  convenient  size.  The  tin  is 
charged  in  the  shape  of  small  ingots  recast  for  the  purpose,  about  12 
inches  long  by  ^  inch  square. 

The  composition  of  the  charge  is  varied  to  suit  the  metal  used,  but  the 
total  weight  must  be  sufficient  to  cast  the  gun  and  sinking-head  and 
leave  some  surplus.  For  the  34-inch  rifle  cast  in  1876,  the  charge  was 
as  follows : 

Pounds. 

Old  gun8  cut  up   2, 650 

New  copper,  iu  iogots   830 

Tin,  in  small  bars   104 

Total   3,584 

The  whole  casting  weighed  3,126  pounds,  for  a  finished  weight  in  the 
gun  of  1,322  pounds.  The  riser  when  cut  off  weighed  700  pounds,  and 
there  was  a  waste  in  the  furnace  of  1.6  per  cent. 

A  second  gun  of  the  same  model  was  cast  from  old  guns  with  the  fol- 
lowing charge : 

Pounds. 

Old  guns  cut  up   3,224 

Tin   40 

Total   3,364 

The  casting  weighed  3,217  pounds,  the  riser  650  pounds,  and  the 
waste  was  IJ  per  cent. 

Melting  the  charge. — After  the  old  bronze  or  copper  has  been  charged, 
the  furnace  is  closed  and  fired  up  gently  at  first  and  more  strongly  as 
the  metal  sinks  down  away  from  the  flame,  which  must  always  be  kept 
smoky,  i.  e.,  of  a  reducing  character.  When  the  bronze  or  copi)er  is 
melted  the  tin  is  added  j  it  is  thrown  into  the  bath  at  different  ijoints 
and  worked  under  the  surf  ace  as  much  as  possible  as  it  floats  bouyantly 
till  alloyed.  The  bath  may  be  stirred  thoroughly  with  an  iron  bar,  or, 
if  much  old  metal  be  used,  \\ith  a  pole  of  green  wood. 

After  the  metal  is  whoUy^melted  it  is  kept  in  fusion  for  some  time — 
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about  half  au  hour — in  order  that  a  thorougli  alloy  may  bo  effected,  and 
a  proper  temperature  be  reached  for  casting. 

The  alloy  is  examined  for  its  cold  fracture  by  means  of  specimens 
taken  out  of  the  furnace  in  a  small  ladle.  When  the  fracture  is  brought 
to  the  proper  yellow-red  color,  judged  by  experience,  and  the  heat  has 
reached  the  proper  point,  the  bronze  is  ready  for  casting. 

For  the  first  gun  above  quoted,  the  furnace  was  lighted  at  8  a.  m., 
the  metal  melted  at  10.25  a.  m.,  and  the  casting  made  at  11.30  a.  m.,  or 
in  3  hours  and  30  minutes  in  all. 

For  the  second  gun  the  melting  occupied  1  hour  and  50  minutes,  and 
the  metal  was  kept  in  fusion  70  minutes;  that  is,  the  heat  was  cast  3 
hours  in  all  from  the  time  the  fire  was  lighted. 

The  character  of  the  sample  taken  from  the  sinking-head  of  the  3J-inch 
rifle  casting,  next  the  muzzle,  was  as  follows : 


Locality. 


Outside  specimen. 
Inside  specimen  . . 


Tenacity. 


48,230  pounds  per  square  inch. 
37,706  pounds  per  square  inch. 


Density. 


8.  5651 


The  tendency  of  bronze  to  separate  into  alloys  of  different  compo- 
sition is  so  strong  that  specimens  taken  at  different  heights  in  the  mold 
exhibit  very  different  densities  and  strengths.  A  series  of  specimens 
cast  in  the  same  sand  mold  with  the  gun  and  contiguous  to  it,  but  sep- 
arate from  the  gun-casting  proper,  showed  a  constant  decrease  of 
strength  from  the  cascable  to  the  sinking  head. 


Average. 

Bottom  of  sink- 
ing-head. 

Side  specimen  A. 

Side  specimen  B. 

Side  specimen  C. 

e3 

P 

8.440 

8.597 
39,  364 

8. 660 

8.  686 
43,  062 

8.649 

26,  760 

41,  974 

The  average  density  of  one  hundred  and  twenty-four  24-pounder 
bronze  howitzers,  made  for  the  Navy  Department  in  1863  and  1864,  be- 
tween the  South  Boston  foundry  numbers  1417  and  1693,  was  8.722,  and 
average  tenacity  50,041  pounds  per  square  inch.  This  is  the  best  series 
the  company  has  reached.  The  averages  of  forty-five  guns,  from  ]N"o.  434 
to  478,  inclusive,  were  density  8.653,  and  tenacity  33,665  pounds  per 
square  inch. 

On  the  other  hand,  nine  guns  included  in  the  first  series,  and  made 
between  foundry  numbers  1556  and  1615,  exhibited  an  average  density 
of  8.804,  and  an  average  tenacity  of  60,610  pounds  to  the  square  inch. 

THREE-INCH  WROUGHT  IRON  FIELD  RIFLE, 

These  guns  were  manufactured  at  the  Phoenix  Iron  Works,  Pennsyl- 
vania, in  the  following  manner :  Rolled  staves,  J  by  J  inch  by  4J  feet 
long,  were  laid  up  in  the  form  of  a  barrel  on  an  ariior  which  was  placed 
in  a  lathe.  A  long  bar,  f  by  4J  inches — a  rhomboid  in  section — was 
wound  spirally  upon  the  barrel  by  the  revolution  of  the  lathe.  Another 
bar  was  wound  upon  the  first,  the  spirals  running  in  an  opposite  direc- 
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tion,  and  so  on  until  five  layers  liad  been  applied.  A  thin  layer  of  staves 
was  then  bound  upon  the  outside,  and  a  plug  driven  into  the  breech  to 
close  it  and  to  form  the  cascable.  The  whole  was  then  heated  to  weld- 
ing, and  upset  endwise  two  inches  in  a  press,  after  which  it  was  drawn 
out  between  the  rolls  from  4J  to  7  feet  in  length.  The  trunnions  were 
then  welded  on,  without  removing  the  gun  from  the  reverberatory  furnace,* 
the  bore  was  dressed  out,  and  the  chase  reduced  to  the  proper  size  by 
turning,  the  mass  being  cylindrical  when  it  left  the 
rolls.  The  above  process  has  now  been  abandoned,  a 
cheaper  and  sounder  gun,  it  is  claimed,  being  made  as 
follows :  A  sheet  of  iron  is  rolled  around  a  mandrel 
into  a  cylinder,  and  drawn  down  into  a  tube  with  solid 
walls.  The  bore  may  be  made  entirely  within  the  man- 
drel, which  may  be  of  steel.  The  seams  in  this  case 
would  not  weaken  the  gun — indeed,  the  mere  sticking 
of  the  iron  together  would  prevent  its  uncoiling  under 
fire.    And  the  iron  may  be  refined  before  it  is  made  into  a  gun. 

1.65-INCH  BREECH-LOADING  MOUNTAIN  GUN,  HOTCHKISb. 

(Plate  XXXY.) 

This  gun,  having  been  devised  especially  with  reference  to  the  mount- 
ain service,  is  made  as  light  as  practicable.  It  weighs  only  116.6  pounds, 
and  one  man  is  able  to  place  it  upon  the  back  of  a  mule.  The  weight  of 
the  carriage  being  but  220  pounds,  the  packing,  unpacking,  and  mount- 
ing of  the  gun  and  its  carriage  require  only  two  men. 

For  transportation  the  material  is  distributed  as  follows :  One  mule 
carries  the  piece  and  two  small  chests  containing  accessories  j  another 
mule  carries  the  carriage  and  shaft,  and  two  others  carry  the  ammuni- 
tion chests. 

The  construction  of  the  Hotchkiss  gun  is  based  upon  the  use  of  a  me- 
tallic cartridge,  by  which  the  obturation  of  the  breech  is  accomplished. 
The  extraction  of  the  cartridge  case  is  effected  automatically  by  the 
opening  of  the  breech. 

The  gun  is  made  of  Whitworth  steel,  compressed  in  the  fluid  state. 
The  mechanism  of  the  breech  consists  simply  of  a  prismatic  bolt,  with  a 
cam,  entering  a  cavity  recessed  in  the  breech.  It  is  operated  by  a  lever 
with  handles,  by  which  the  bolt  is  withdrawn,  or  the  reverse. 

As  metallic  cartridges  are  employed,  a  close  fit  of  the  breech  block  is 
unnecessary,  and  the  bolt  is  therefore  adjusted  freely  to  its  slot,  which 
is  an  advantage  over  other  breech-loading  systems,  which  require  great 
nicety  in  the  fit  of  the  breech  mechanism  in  order  to  insure  a  perfect 
obturation. 

The  cartridge-extractor  is  a  simple  prismatic  piece  of  metal,  bearing  at 
its  forward  extremity  a  hook ;  it  is  guided  in  a  cavity  in  the  upper  part 
of  the.  breech,  parallel  to  the  axis  of  the  piece  j  on  its  lower  face  is  fitted 
a  tenon,  which  slides  in  a  groove  cut  in  the  upper  face  of  the  breech- 
block. The  groove  is  straight  on  the  side  towards  the  handle,  but  curved 
at  the  other  extremity — towards  the  opening  for  charging — so  that  in 
withdrawing  the  breech-block  the  tenon  of  the  extractor  slides  for  a  time 
in  the  straight  part  of  the  groove,  but  as  soon  as  the  block  is  so  far  with- 
drawn that  the  opening  for  charging  comes  against  the  face  of  the  cham- 
ber the  tenon  becomes  engaged  in  the  inclined  portion  of  the  groove, 
and  is  suddenly  drawn  backwards,  by  which  motion  the  empty  case  is 
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fci'owii  out  of  tlio  ^Miii.    The  luovenKiiit  of  the  biOAidi-block  is  arrested 
Kr  ii  stop-screw  sliding*-  in  ii  recess  upon  the  ui)i)er  fac^e  of  the  block. 
B^The  iimmunitiou  is  composed  of  a  metallic  case  which  contains  the 
Bpwder,  and  is  united  to  the  projectile — an  explosive  shell — by  "chok- 
ing," in  the  same  manner  as  the  cartridges  for  modern  small-arms.  The 
cartridge-case  is  of  brass ;  the  head  being  strengthened  by  cup-shaped 
reinforces.    It  is  not  primed,  but  is  ignited  by  the  ordinary  friction 
primer.    Tu  the  base  of  the  cartridge  is  a  valve  formed  by  the  cup  re- 
inforces j  the  gas  from  the  primer  opens  the  valve,  which  closes  auto- 
matically, after  the  ignition  of  the  charge,  by  the  pressure  of  the  gas 
inside,  tliereby  i)reventing  the  escape  of  gas  through  the  vent.    The  car- 
tridge-case can  be  re-charged,  ou  an  average,  about  eight  times.  The 
projectile  is  of  a  cyliudro-ogival  form,  about  3.J  calibers  in  length;  it  is 
furnished  with  a  middle  band  of  soft  brass,  which  takes  the  rifling.  Upon 
the  cast-iron  body  of  the  projectile  are  turned  a  number  of  grooves,  of 
little  depth  and  width,  between  which  are  narrow  and  sharp  ridges.  The 
band  covers  this  portion  of  the  projectile,  and  at  the  moment  of  firing 
the  pressure  of  the  gas  which  surrounds  the  projectile  in  the  chamber 
molds  exactly  upon  the  brass  the  corresponding  grooves  and  ridges  that 
are  on  the  cast  iron. 

This  method  of  banding  offers  the  advantage  of  securing  a  perfect 
adherence  between  the  brass  band  and  the  projectile,  and  also  permits 
regulating  with  great  nicety  the  forcing  whereby  the  friction  necessary 
to  produce  rotation  may  be  reduced  to  a  minimum.  The  band  of  brass 
obviates  the  fouling  of  the  bore,  so  that  the  piece  can  be  fired  a  great 
many  times  without  any  necessity  for  using  the  sponge. 

The  shells  are  fitted  with  percussion  fuses  of  the  Hotchkiss  pattern. 

PRINCIPAL  DIMENSIONS. 


Total  length  inches. .  45. 87 

Total  length  of  bore  do ... .  41.  80 

Caliber    do   1.65 

Number  of  helicoidal  grooves   10 

Twist  (to  the  right)  inches. .  49. 21 

Depth  of  grooves  (uniform)  do   0. 12 

Total  weight  of  piece  pounds..  116 

DIMENSIONS  OF  CARTKIDGE. 

Length  of  shell  inches . .  5.  90 

Length  of  case  do   6.  02 

Total  length  of  cartridge  do   9. 19 

Length  of  cavity  in  shell  do   3.  65 

Diameter  of  cavity  do   1.02 

Diameter  of  shell  in  front  of  band  do   1. 625 

Diameter  of  shell  in  rear  of  baud  do   1. 637 

Width  of  band  do ... .  1. 76 

Exterior  diameter  of  cartridge-case  do   1. 81 

CARTRIDGE. 

Weight  of  empty  shell  lb.  oz..l.  10^ 

Weight  of  bursting-charge  ounces..  1.76 

Weight  of  percussion-fuse  do  3.  52 

Weight  of  loaded  shell  lb.  oz.-2. 10 

Weight  of  empty  cartridge-shell  ounces.. 5. 47 

Weight  of  powder-charge  in  cartridge   do  5.5 

Weight  of  cartridge  and  loaded  shell  lbs.  oz-.2. 11 

Initial  velocity    feet..  1, 275 
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SERVICE  OF  THE  PIECE. 

Two  cannoneers  are  sufficient  for  maneuvering  it.  The  cannoneer  on 
the  right  opens  and  closes  the  breech,  primes,  and  fires ;  the  one  on  the 
left  supplies  the  ammunition,  introduces  the  charge  into  the  bore,  and 
points. 

To  open  the  breech,  turn  the  handle  a  half  turn,  from  right  to  left, 
and  draw  out  quickly  the  block  till  it  strikes  against  the  stop-screw. 

Loading. — The  loading  is  done  by  inserting  the  cartridge  into  the 
chamber  and  pushing  it  forward  until  the  flange  strikes  against  the 
extractor-hook.   After  that,  close  the  breech. 

To  close  the  breech,  execute  the  movement  for  opening  it  inversely. 

THE  HOTCHKISS  REVOLVING  CANNON. 

(Plates  XXXVIII,  XXXIX.) 

THE  GENERAL  SYSTEM. 

The  Hotchkiss  revolving  cannon  cannot  be  classed  with  mitrailleuses 
in  the  ordinary  sense  of  the  latter  term,  as  explosive  shells  are  fired 
with  the  former,  and  it  has  a  range  equal  to  .that  of  field  artillery. 

The  system  of  this  gun  may  be  explained  as  follows  : 

Five  barrels  grouped  around  a  common  axis  are  revolved  in  front  of  a 
breech-block,  which  has  in  one  part  an  opening  to  introduce  the  car- 
tridges, and  another  through  which  to  extract  the  empty  shells. 

The  exterior  aspect  of  this  revolving  cannon  resembles  the  Gatling 
mitrailleuse,  it  being,  however,  entirely  different  in  its  interior  mecha- 
nism. The  system  is  comi)osed  of  two  distinct  parts,  viz,  the  barrels  with 
their  disks  and  shafts,  and  the  frame  and  breech  containing  the  mecha- 
nism. 

The  five  barrels,  made  of  the  finest  oil-tempered  cast-steel,  are  mounted 
around  a  common  axis  between  two  disks  on  a  central  shaft.  The  series 
of  barrels  are  placed  in  a  rectangular  frame,  which  is  attached  to  the 
breech,  the  near  end  of  the  shaft  penetrating  the  same  to  receive  the 
rotary  motion  from  the  driving  gear. 

The  breech  itself  is  composed  of  a  solid  cast-iron  breech-block,  weigh- 
ing 175  kilograms  (385  pounds).  This  absorbs  the  greater  part  of  the 
recoil.  It  has  a  door  at  the  rear  end,  which  can  be  easily  opened,  so 
that  the  mechanism  is  accessible,  and  can,  if  necessary,  be  taken  out 
and  put  in  place  in  a  few  minutes  without  the  aid  of  any  special  tools. 

A  peculiar  feature  in  this  gun  consists  in  the  barrels  remaining  still 
during  the  discharge,  so  that  there  is  no  movement  of  any  kind  to  im- 
pede the  accuracy  of  fire.  This  stop  or  lost  motion  is  obtained  by  the 
shape  of  the  driving- worm,  which  is  so  constructed  that  the  inclined 
driving-thread  only  covers  half  of  its  circumference,  the  other  half  of 
the  thread  being  straight.  The  effect  of  this  is,  that  the  barrels  only 
revolve  during  half  a  revolution  of  the  worm,  and  stand  still  during  the 
other  half  revolution.  The  combination  of  the  mechanism  is  so  arranged 
that  the  loading,  firing,  and  extracting  take  place  during  this  pause. 
This  feature  is  of  great  importance  for  the  accuracy  of  fire  and  the  dur- 
ability of  the  system. 

The  worm  shaft  projects  through  the  breech  on  the  right  side,  and  has 
a  crank  with  which  the  whole  system  is  moved  j  on  the  left  side  of  the 
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worm  slial't  a  Kiiiall  crank  is  attaelied,  by  whicli  tlie  loadiiif?  and  extrac- 
tion of  tlic  car(ridj>c  shells  ai  e  eiteeted  in  tlie  follow  in <»  inaiiner  : 

On  the  iiitc^rior  face  of  the  left  side  of  the  breech  a  co^- wheel  is 
mounted  with  two  horizontal  racks,  the  one  beinj^-  placed  above,  the 
other  nnder,  the  cog-wheel,  and  ])arallel  to  the  axis  of  the  barrels,  so 
that  in  moving'  one  of  these  racks  the  other  is  moved  in  the  ()i)i)osite 
direction.  Part  of  the  lower  rack  forms  a  verti(}al  slot,  in  which  the 
small  cVank  on  the  left  side  of  the  worm  shaft  works.  The  rotation  of 
tlie  latter,  consequently,  gives  an  alternating  and  opjwsite  movement  to 
the  two  racks,  so  that  while  the  one  is  going  forward  the  otlier  moves 
back  and  reci])rocally. 

The  nnder  rack  works  the  extractor ;  the  upper  one  moves  a  })iston, 
which  drives  the  cartridges  into  the  barrels,  the  cartridges  being  ])laced 
before  the  piston,  in  the  trough,  in  which  it  moves;  and  during  the  time 
the  barrels  are  motionless  it  is  introduced  into  the  one  standing  before 
the  trough.  The  cartridge  is  not  '^driven  home"  entirely,  but  its  head 
is  in  view  of  an  inclined  plane  cut  into  the  metal  of  the  breech,  on  which 
it  slides  when  it  is  moved  by  the  rotation  of  the  barrels.  This  completes 
the  introduction  of  the  cartridge  into  its  chamber.  The  piston  itself  is 
a  simple  cylinder  connected  with  the  rack,  and  running  in  a  slot  in  the 
conductin g  trough . 

When  the  racks  are  in  their  extreme  positions  they  remain  still  a  mo- 
ment. This  stop  is  obtained  by  giving  the  slot  in  its  center  part  a  cir- 
cular shape  concentrically  to  the  shaft  of  the  crank.  This  is  necessary, 
because  at  the  moment  of  the  barrels  arriving  at  the  end  of  their  course 
the  head  of  the  cartridge-case  becomes  engaged  in  the  hooks  of  the  ex- 
tractor, which  would  not  be  possible  if  it  were  in  motion  at  the  time. 

The  extractor  is  a  large  double  hook  at  the  end  of  the  bottom  rack ; 
it  is  very  solid,  and  its  proper  working  is  certain  under  all  circumstances. 
After  the  cartridge  is  extracted  from  the  barrel  it  strikes  against  an 
ejector,  which  pushes  it  out  of  the  extractor,  and  falls  to  the  ground 
through  an  opening  iu  the  under  part  of  the  breech.  The  firing-pin  has 
an  elongation,  pointing  downwards,  which,  by  the  operation  of  a  spring, 
is  pressed  against  a  cam  on  the  worm,  and,  as  the  worm  rotates,  the  cam 
drives  the  firing-pin  back  and  compresses  the  spring.  The  moment  the 
firing-pin  becomes  liberated  it  strikes  the  primer  of  the  cartridge  and 
the  discharge  takes  place. 

To  obviate  the  ditficulties  of  feeding,  which  exist  in  other  systems, 
when  the  cartridges  are  piled  one  upon  the  other,  the  opening  of  the 
introduction  trough  is  closed  by  a  little  door,  which  goes  down  by  the 
weight  of  the  cartridges,  the  first  of  which  drops  into  the  trough,  and 
then  the  x^iston  moving  forward,  raises  the  door,  and  allows  no  more 
cartridges  to  enter  until  the  proper  time. 

All  parts  of  the  mechanism  are  very  strong  and  durable,  and  hardly 
exceed  in  number  those  of  an  ordinary  small-arm,  there  being  besides 
the  group  of  barrels  thirteen  parts,  viz : 

1,  2.  The  breech-block  with  its  door  for  closing  the  rear  end. 

3,  4,  5.  The  crank-shaft,  with  its  worm  for  moving  the  barrels,  and 
small  crank  for  working  the  loader  and  extractor. 

6.  The  crank. 

7,  8.  The  firing-pin  and  spiral  spring. 

9.  The  extractor. 

10,  11.  The  loading-piston  and  rack  for  moving  it. 

12.  The  cog-wheel  for  transmitting  the  movement  of  the  extractor  to 
the  loading-piston ;  and 

13.  The  door  for  regulating  the  feed  of  cartridges. 
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THE  OPERATION  OF  THE  MECHANISM,  ETC. 

The  operation  of  the  mechanisin  is  as  follows,  supposing  the  crank  to 
be  in  continual  motion : 

A  cartridge  is  placed  in  the  introduction-trough,  the  piston  pushes  it 
into  the  barrel,  the  barrels  begin  to  revolve,  and  the  cartridge  is  carried 
»  on  till  it  arrives  before  the  firing-pin  held  in  the  solid  part  of  the  breech, 
and  which  has  in  the  mean  time  been  retracted  by  the  action  of  the 
cam.  As  soon  as  the  cartridge  has  arrived  in  this  position  the  barrels 
cease  to  revolve,  and  the  primer  of  the  cartridge  is  struck  by  the  firing- 
pin  and  discharged ;  the  revolution  of  the  barrels  begins  again,  and  the 
fired  cartridge -shell  is  carried  on  until  it  comes  to  the  extractor,  which 
in  the  mean  time  has  arrived  up  to  the  barrels,  and  the  cartridge  head 
rolls  into  it.  As  soon  as  the  head  is  laid  hold  of  by  the  extractor  the 
barrels  again  cease  to  revolve,  and  during  this  period  the  cartridge-shell 
is  withdrawn  and  dropped  to  the  ground.  During  every  stoppage  of 
the  barrels  the  gun  is  supplied  with  a  new  cartridge,  the  firing  and 
extraction  are  also  i^erformed,  and  a  continuous  but  slow  fire  kept  up. 

Supplying  the  gun  in  this  manner  with  single  cartridges,  about  thirty 
rounds  per  minute  may  be  fired. 

Should  rapid  firing  be  required  the  gun  is  supplied  with  feed-cases" 
containing  ten  cartridges  each.  In  this  manner  from  sixty  to  eighty 
rounds  per  minute  can  be  fired,  with  only  three  men  to  work  the  guns, 
viz,  one  man  to  train  the  gun  and  revolve  the  crank,  one  man  to  place 
the  '^feed-cases"  containing  the  cartridges  into  the  '' feed-trough,"  and 
a  third  at  the  ammunition  chest  to  charge  the  '' feed-cases"  and  to  hand 
them  to  the  loader. 

Attached  to  the  frame  is  a  "turn-table,"  which  connects  the  cannon 
to  the  trunnion  saddle,"  arranged  in  such  manner  that  without  dis- 
placing the  carriage  a  certain  amount  of  lateral  motion,  as  well  as  of 
elevation,  may  be  given  to  the  gun.  Thus  the  gun  is  made  to  sweep 
horizontally,  by  adjustment,  between  each  single  shot,  or  during  rapid 
discharge. 

Principal  dimensions,  and  iveigltts,  ^c,  of  the  gun. 


Caliber  inches . .  1.  45 

Total  length  of  bore  do ... .  50. 236 

Length  of  rifling  do   44. 882 

Rifling,  one  turn  in  do   49.  212 

Twist  and  depth  of  grooves  uniform. 

Number  of  grooves    12 

Width  of  lands  do....  0.098 

Depth  of  grooves  do   0.  019 

Number  of  barrels   5 

Diameter  of  barrel  over  the  powder- chamber  do   3.  464 

Diameter  of  barrel  at  the  muzzle  do   2.  440 

Weight  of  each  barrel  pounds..  77. 166 

Radius  of  sights  inches . .  27.  047 

Vertical  distance  of  the  line  of  sight  from  the  common  axis  of  the 

barrels   inches . .  2.  0866 

Horizontal  distance  of  the  line  of  sight  from  the  common  axis  of  the 

barrels  inches . .  6.  496 

Weight  of  gun  pounds..  1047.  25 

Total  weight  of  gun  with  traversing  apparatus  do   1157.  48 


HOTCHKISS  REVOLVING  CANNON,  LIGHT  FIELD  MODEL,  CALIBER  1.45 

INCHES. 

This  gun  differs  from  the  one  previously  described  in  minor  details 
only,  the  construction  being  the  same ;  the  gun  is  lighter  and  the  bar- 
rels are  shorter. 
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The  aiumuiiition  used  with  this  ^iiii  is  also  lighter  and  shorter  than 
that  used  with  the  heavier  model,  but  aUke  in  all  other  resj^ects. 
The  principal  weights  and  dimensions  are : 


Total  len<?th  of  Lore  inchos..  29.  125 

W(M<;lit  of  gnn  ]>ouTi(is..  495 

Cliarj^o  ounces. .  2.  0.3 

Wci^lit  of  cartri(l«5e,  complete  do ... .  21.  .54 

Loii<»;th  of  cartridge,  complete  inches. .  6. 57 


GATLING  GUNS. 
Plates  XXXVI,  XXXYII. 

DESCRIPTION. 

The  Gatling  gun  consists  of  a  number  of  very  simple  breech-loading 
rifled  barrels  grouped  around  and  revolving  about  a  shaft  to  which  they 
are  parallel.  These  barrels  are  loaded  and  fired  while  revolving,  the 
empty  cartridge-shells  being  ejected  in  continuous  succession.  Each 
barrel  is  fired  only  once  in  a  revolution,  but  as  many  shots  are  delivered 
during  that  time  as  there  are  barrels,  so  that  the  ten-barrel  Gatling  gun 
fires  ten  times  in  one  revolution  of  the  group  of  barrels.  The  action  of 
each  part  is  therefore  deliberate ;  while  collectively  the  discharges  are  fre- 
quent. The  working  of  the  gun  is  simple.  One  man  places  one  end  of 
a  feed-case  full  of  cartridges  into  a  hopper  at  the  top  of  the  gun,  while 
another  man  turns  a  crank  by  which  the  gun  is  revolved.  As  soon  as 
the  supplj^  of  cartridges  in  one  feed-case  is  exhausted  another  case  may 
be  substituted  without  interrupting  the  revolntion  or  the  succession  of 
discharges.  The  number  of  barrels  composing  the  gun  as  originally  made 
were  ten.  The  bore  of  each  barrel  extends  through  from  end  to  end,  and 
the  breech  is  chambered  to  receive  a  flanged  center-fire  metallic  case  cart- 
ridge. The  breech  ends  of  all  the  barrels  are  firmly  screwed  into  a  disk 
or  rear  barrel-plate,  which  is  fastened  to  the  shaft,  and  the  muzzles  pass 
through  another  similar  disk,  caMed  front  barrel-plate^  on  the  same  shaft. 
The  shaft  is  considerably  longer  than  the  barrels,  and  projects  beyond 
the  muzzles,  and  extends  backward  for  some  distance  behind  the  breeches 
of  the  barrels. 

Directly  behind  the  open  barrels  a  cylinder  of  metal,  called  a  carrier- 
hloclcy  is  fastened  to  the  shaft,  and  in  the  exterior  surface  of  this  carrier- 
block  ten  semi-cylindrical  channels  are  cut,  which  form  trough-like  ex- 
tensions of  the  cartridge-chambers  of  the  barrels  to  the  rear,  and  are 
designed  to  receive  and  guide  the  cartridges  while  they  are  thrust  into 
the  barrels,  and  to  guide  the  empty  cases  while  they  are  withdrawn. 
Behind  the  carrier-block  the  shaft  carries  another  cylinder,  called  the 
lode-cylinder,  in  which  ten  guide-grooves  are  formed,  which  are  parallel 
to  the  barrels,  and  in  which  slide  ten  long  hreech-pliigs  or  locks,  by  which 
the  cartridges  are  thrust  into  the  barrels,  and  which  close  the  barrels 
and  resist  the  reaction  of  the  charges  when  they  are  fired.  Each  plug 
or  lock  contains  a  spiral  mainspring  acting  on  a  firing-pin,  by  which  the 
charge  is  fired,  so  that  the  plug  performs  all  the  functions  of  a  gun-lock 
as  well  as  of  a  breech-plug.  The  shaft  to  which  the  group  of  barrels 
and  both  the  carrier-block  and  the  lock-cylinder  are  rigidly  attached  is 
free  to  turn  on  its  axis,  the  front  end  being  journaled  in  the  front  part 
of  the  frame  and  the  rear  end  in  a  diaphragm  in  the  hreech-casing.  The 
breech-casing  extends  to  the  rear  far  enough  to  contain  not  only  the 
diaphragm  through  which  the  main  shaft  is  journaled,  but  also  to  form 
in  the  rear  of  the  diaphragm  a  cover  for  the  gearing  by  which  the  shaft 
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is  revolved.  This  mechanism  or  gearing  consists  simply  of  a  toothed 
wheel  fastened  to  the  shaft  and  worked  by  an  endless  screw  on  a  small 
axle  which  i)asses  transversely  through  the  case  at  right  angles  to  the 
shaft,  and  is  furnished  outside  the  case  with  a  hand-crank.  A  cascabel 
plate  closes  the  end  of  the  plate. 

Each  lock  carries  a  hooked  extractor^  which  snaps  over  and  engages 
the  cartridge-flange  when  the  lock  is  pushed  forward,  and  which,  when 
the  lock  retreats,  withdraws  and  ejects  the  empty  case.  The  cartridge- 
carrier  hloch  is  covered  above  the  frame  by  a  semi-cylindrical  shell, 
which  is  provided  at  the  toi)  with  an  opening  of  suitable  size  and  shape 
to  permit  a  single  cartridge  to  fall  through  it  into  one  of  the  channels 
of  the  carrier-block  which  it  overlies.  There  is  a  trough  extending  up- 
ward from  this  opening  and  forming  a  hopper,  in  which  a  straight  feed- 
case  can  be  placed  in  a  vertical  position,  containing  a  number  of  car- 
tridges lying  lengthwise  across  the  case,  one  above  another.  Beneath 
the  carrier -Mo gIc  everything  is  open  so  as  to  allow  the  cartridges  or 
shells  which  are  withdrawn  by  the  extractors  from  the  barrels  to  fall 
to  the  ground.  Within  the  cylindrical  breech-case  attached  to  the 
frame  a  heavy  ring  not  quite  the  length  of  tlie  lock-cylinder  is  fastened 
to  the  case  and  diaphragm,  which  nearly  fills  the  space  between  the 
inside  of  the  case  and  the  cylinder.  Portions  of  the  inside  of  this  ring 
are  so  cut  away  as  to  leave  a  truncated,  wedge-shai)ed,  annular  or 
spiral  cam  projecting  from  the  inner  surface  of  the  ring,  having  two 
helicoidal  edges  inclined  to  each  other  and  united  by  a  short,  flat  plane. 
Against  these  edges  the  rear  ends  of  the  locks  continually  bear,  there 
being  room  enough  for  the  locks  to  lie  loosely  within  the  parts  of  the 
ring  which  are  cut  a  way.  The  apex  of  the  wedge-shaped  cam  points  to 
the  barrels.  Each  lock  is  held  back  against  the  cam  by  a  lug  or  horn 
projecting  laterally  from  the  end  of  the  lock  and  entering  a  groove 
formed  at  the  base  of  the  cam,  in  the  thin  part  of  the  ring. 

The  shape  and  position  of  the  cam  and  grooves  may  be  better  under- 
stood by  reference  to  the  diagram,  which  shows  the  cam-ring  as  it  would 
appear  if  cut  open  and  spread  out  flat,  the  lines  A  and  0  being  the 
development  of  the  edges  of  the  helicoidal  cam  surfaces,  B  that  of  the 
plane  surface  connecting  these,  and  a  and  c  the  grooves  for  holding  and 
drawing  back  the  locks.  The  ten  locks  are  shown  in  their  relative  posi- 
tions abutting  against  the  cam  surfaces,  six  of  them  being  shown  in 
section. 

It  will  be  seen  that  the  points  of  the  firing-pins  H  protrude  beyond 
the  front  of  the  locks  while  the  other  ends  project  from  the  rear,  where 
they  are  fashioned  into  knobs,  by  which  the  firing-pins  are  drawn  back- 
ward while  passing  through  the  groove  in  the  rih  D. 

The  diagram  shows  that  the  distance  of  the  apex  B  of  the  cam  from 
the  ends  of  the  barrels  is  such  that  the  locks  exactly  fill  the  space  so 
that  each  lock  there  forms  an  abutment  which  closes  the  breech  of  its 
barrel  and  abuts  against  the  apex  of  the  cam,  which  serves  to  resist 
the  recoil  of  the  lock  when  the  charge  is  fii:ed. 

The  position  of  the  cam  relatively  to  the  cartridge-hopper  is  such  that 
each  lock  is  draAvn  backward  to  its  full  extent  when  it  passes  the  hop- 
per, so  that  the  cartridges  may  fall  into  the  carrier  in  front  of  the  locks. 
The  explosion  of  each  cartridge  takes  place  as  its  proper  lock  passes 
over  the  flat  ai)ex  of  the  cam  which  resists  the  recoil. 

The  firing-pin  is  drawn  back  hy  the  head  at  its  rear  end  engaging  with 
a  flat  rib  located  inside  of  the  cam,  as  shown  on  the  diagram  at  D.  This 
rib  restrains  the  firing-pin  from  moving  forward,  while  the  forward 
movement  of  the  body  of  the  lock  continues ;  the  spiral  mainspring  is 
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coini)resso(l  until  tlie  rcwolutioii  cari'ions  tlie  lirin^-])iii  liead  beyond  the 
end  of  the  coekiiig-rib,  wlieii  t\w  firin^-i)in  will  sprin^^  forward  and  strike 
with  its  point  the  center  of  the  cartridge-head  and  explode  the  charge. 
The  point  in  the  revolution  at  which  the  barrels  are  discharged  is  below 
and  at  one  side  of  the  axis.  The  diagram  shows  the  ten  locks  each  in  a 
different  part  of  its  cycle  of  action.  At  I  the  cartridge  has  just  dropped 
in  front  of  the  lock ;  at  II  it  has  been  pushed  forward  somewhat ;  at  III 
the  i)oint  of  the  cartridge  has  entered  the  barrel ;  at  IV  it  is  pushed 
nearly  home,  and  the  head  of  the  firing-i)in  is  retained  by  the  cocking- 
rib  II,  the  mainsi)ring  being  partly  comi)ressed;  at  V  the  lock  has 
reached  the  fiat  part  of  the  cam,  the  cartridge  is  pushed  quite  home,  and 
the  mainspring  has  been  fully  compressed  by  the  retention  of  the  firing- 
pin  by  the  cocking-rib,  the  end  of  which  is  just  reached  by  the  firing-pin 
which  is  about  being  released ;  at  VI  the  firing-pin  having  been  released 
has  sprung  forward  and  exploded  the  cartridge,  the  end  of  the  lock  be- 
ing firmly  braced  against  the  flat  surface  B  of  the  cam  ;  at  VII  the  lock 
has  commenced  to  retreat,  and  at  VIII  it  has  partiaUy  withdrawn  the 
empty  cartridge-shell  from  the  barrel ;  at  IX  it  has  completely  extracted 
the  shell,  whicli  is  falling  away  from  the  gun  ;  at  X  the  lock  is  fully 
drawn  back  and  is  about  to  pass  again  into  its  first  position.  Thus  it  will 
be  seen  that  in  the  ten-barrel  gun  one  revolution  of  the  barrels  corresponds 
to  one  revolution  of  the  locks  and  delivers  ten  shots,  a  process  which  is 
repeated  continuously  so  long  as  the  crank  is  turned  and  the  cartridges 
supplied.  The  gun  can  be  unloaded  of  any  cartridges  not  fired  by  re- 
moving the  feed-case,  opening  the  hopper,  and  reversing  the  motion  of 
the  crank.  In  the  new  model  the  mechanism  of  the  locks  has  been 
greatly  strengthened,  as  well  as  otherwise  improved,  and  there  are 
means  provided  for  their  insertion  and  removal  without  taking  off  the 
cascabel-plate.  These  means  consist  of  the  i)erforation  of  the  covering 
and  back  diaphragm  in  the  outer  casing,  and  by  the  closure  of  the 
apertures  through  both  these  plates  by  a  single  removable  plug,  as 
shown  above  the  knob  of  the  cascabel.  Tne  absence  of  one  or  more 
locks  does  not  affect  the  working  of  the  gun  except  to  diminish  the 
intensity  of  fire  in  proportion  to  the  number  of  locks  removed. 

For  each  lock  removed,  however,  one  unexploded  cartridge  falls  to 
the  ground  at  each  revolution  of  the  gun.  The  gun  is  incased  in  a  frame 
which  has  trunnions,  and  is  mounted  in  the  ordinary  way,  like  a  field- 
piece.  The  screw  for  elevating  and  depressing  the  breech  works  in  a 
nut  attached  to  the  trail  of  the  carriage  in  the  usual  way.  An  automatic 
traversing  apparatus  is  applied,  by  which  a  limited  angular  movement 
in  a  horizontal  plane  maybe  given  to  the  gun,  as  follows  :  A  cylinder 
having  a  cam-groove  in  its  periphery  is  applied  to  the  crank -axle,  and 
the  end  of  a  cylindrical  pin  enters  this  groove.  The  cylindrical  pin  is 
attached  to  an  arm  which  is  connected  to  the  elevating- screw ;  when 
the  crank  is.  turned  the  cam-groove  travels  back  and  forth  on  the  cylin- 
drical i)in,  swinging  the  gun  from  side  to  side  through  a  sector  of  three 
degrees.  The  pin  may  be  thrown  out  of  gear  with  the  cylinder  and  the 
gun  be  fired  without  swinging.  The  sector,  covered  automatically  by 
the  traverser,  may  be  changed  about  five  degrees  on  each  side  without 
moving  the  trail  or  suspending  the  firing. 

Straight  feed-cases. — The  cases  which  contain  the  cartridges,  and 
which  are  applied  to  the  hopper  when  it  is  desired  to  feed  the  gun,  are 
long,  narrow  boxes  of  sheet-tin,  reinforced  by  gun  metal,  open  only  at 
the  lower  ends.  The  cross-section  of  the  case  is  trapezoidal,  the  edge 
next  to  which  the  heads  lie  being  wider  than  the  cartridge-heads,  while 
that  which  receives  the  points  of  the  balls  is  of  the  width  of  the  ball. 
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This  form  enables  all  the  cartridges  in  the  case  to  assume  a  horizontal 
position,  because  the  heads  of  the  contiguous  cartridges  have  room  to 
roll  over  slightly,  so  as  to  lie  partly  alongside  of  each  other,  while  the 
ball-ends  are  kept  vertically  over  each  other.  Above  the  cartridges  in 
the  case  is  a  weight  which  can  be  moved  up  and  down  by  a  thumb- 
piece.  By  the  action  of  the  hand  pressing  on  the  thumb-piece  any  de- 
sired pressure,  regulating  the  uniformity  of  feed,  can  be  given  to  the  car- 
tridges. Each  straight  feed-case  contains  forty  cartridges.  The  supply 
of  cartridges  to  the  gun  may  also  be  made  by  what  is  called  the  feed- 
drum." 

The  improvements  in  the  gun  intended  for  service  with  cavalry  con- 
sist in  a  change  of  the  position  and  attachment  of  the  crank  from  the 
side  to  the  rear,  greatly  facilitating  and  increasing  the  speed  of  revolu- 
tion of  the  gun  and  rapidity  of  its  fire ;  the  feed-cases  are  entered  more 
readily  to  the  receiver,  and  stand  vertically,  thus  insuring  a  direct  fall 
and  feed  of  the  metallic  cases  f  the  exterior  form  of  the  receivers  admits 
of  reversing  the  ^motion  of  the  crank  without  danger  of  jamming  the 
cases.  All  the  working  parts,  as  well  as  the  barrels,  are  incased  in 
bronze,  affording  better  protection  from  dust  and  dirt  to  the  gun.  It  is 
lighter  and  of  less  expensive  construction  and  more  compact  in  appear- 
ance. An  automatic  device  attached  to  the  breech  of  this  gun  gives  a 
traversing  motion  through  a  small  angle,  which  can  be  set  to  suit  range 
and  circumstances  of  fire  and  is  worked  by  the  crank  operating  the 
gun.  The  increased  rapidity  of  fire  is  more  than  double  that  of  the  old 
model  ten -barreled  gun,  and  its  accuracy  is  by  no  means  impaired. 

A  new  model  Gatling  gun  is  mounted  on  a  cast-iron  turn-table,  the 
shaft  of  which  fits  a  hole  in  the  bed-plate  of  the  carriage  or  tripod.  It 
is  provided  with  a  long  lever  working  through  a  stirrup  attached  to  the 
casing,  to  which  is  attached  a  sliding  wedge.  By  releasing  a  set-screw 
and  pressing  the  handle  the  wedge  is  released,  and  any  elevations  to 
15^  and  depressions  to  30"^  given ;  a  flat  spring  under  the  handle  holds 
the  wedge  in  place.  The  gun  is  traversed  by  turning  the  handle  and 
held  in  position  by  a  clamp-screw. 

The  cascabel  nut  is  provided  with  a  set-spring,  by  means  of  which  the 
space  for  heads  of  cartridges  is  increased  or  diminished  for  variable 
thicknesses  in  flanges  of  cartridges. 

Weights  of  the  Gatling  lO-harrel  guns. 


1-inch  caliber  , 

0.50  incli ;  0.45  incli  caliber,  with  long  barrel 
Same  calibers  with  short  barrels  


650 
200 
135 


THE  12.25-INCH  MUZZLE-LOADING  RIFLE.— EXPERIMENTAL. 

Plate  XL,  Figs.  1  and  2. 

DESCRIPTION  OF  THE  GUN. 

The  cast-iron  body  or  casing  of  the  gun  has  the  same  dimensions,  ex- 
ternally, as  those  adopted  for  a  12-inch  cast-iron  rifle,  model  of  1874. 
(See  Eeport  of  Chief  of  Ordnance,  1877.) 

The  details  of  the  coiled  wrought-iron  tube  conform  in  the  general 
plan  of  its  construction  to  the  8-inch  converted  rifle,  wrought-iron  lined, 
a  full  description  of  which  has  been  given  previously.  Four  securing- 
pins  are  used  to  prevent  the  tube  working  in  the  casing. 
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RIFLING. 

The  rifling  consists  of  21  lauds  and  grooves,  each  of  equal  width. 

Width  of  lands  and  grooves   0.9163  inch. 

Depth  of  grooves   0.09  inch. 

Twist  uniform,  one  turn  in  70  feet. 


The  full  depth  of  the  rifling  stops  at  a  point  20  inches  from  the  bottom 
of  the  bore,  and  the  grooves  are  terminated  with  a  uniform  bevel  2 
inches  in  length. 

VENTING. 

The  vent  is  located  parallel  to  the  vertical  plane  through  the  axis  of 
the  bore  and  3  inches  to  the  left.  It  enters  the  bore  at  9.5  inches  from 
the  bottom. 

FABRICATION. 

The  tube  was  manufactured  at  the  works  of  Sir  William  Armstrong 
at  Newcastle-upon-Tyne,  England.  It  is  of  coiled  wrought  iron,  and 
made  upon  the  same  plan  as  those  used  in  the  conversion  of  the  10-inch 
Eodman  smooth-bores  into  8-inch  rifles.  It  was  bored  up  to  an  interior 
diameter  of  12.227  inches,  in  order  to  remove  a  defect  found  in  the  bore 
while  in  progress  of  manufacture. 

The  diameter  and  length  of  tube  when  received  were  considerably  in 
excess  of  the  prescribed  finished  dimensions.  It  was  subjected  with 
satisfactory  results  to  a  water-proof  of  375  pounds  per  square  inch, 
and  a  careful  inspection  failed  to  discover  any  flaws  or  defects  in  its 
construction. 

The  casing  was  manufactured  and  the  gun  finished  at  the  South 
Boston  foundry. 

The  gun-casing  was  cast  on  the  Kodman  plan,  and  cooled  from  the 
interior  by  a  current  of  water.  The  pattern  and  flask  for  the  mold  were 
the  same  that  were  used  in  the  construction  of  the  Thompson  12-inch 
breech-loading  rifle.  These  were  altered  to  conform  to  the  different 
exterior  dimensions,  and  a  muzzle-section  30  inches  long  was  added  to 
give  the  additional  length  required.  A  new  core-barrel  was  provided 
on  account  of  the  increased  diameter  of  the  bore  over  the  Thompson 
gun-casing. 

FURNACES  AND  IRON. 

The  ordnance  foundry  in  which  the  gun-casing  was  cast  contains 
three  reverberatory  furnaces,  all  of  which  were  charged  to  their  full 
capacity.   The  grades  and  quantities  of  iron  employed  were  as  follows: 


Pounds, 

No.  1  Dover  pig  iron   22, 500 

No.  2  Dover  pig  iron   22, 500 

No.  3  Dover  pig  iron   22, 500 

No.  1  Muirkirk  pig  iron   22, 500 

No.  2  Muirkirk  pig  iron   22, 500 

No.  3  Muirkirk  pig  iron   22, 500 

Renielted  Dover  and  Muirkirk   47, 400 


Total   182,400 


Each  furnace  was  charged  with  equal  weights  of  the  different  grades. 

GUN-PIT  AND  FLASK. 

The  gun-pit  in  which  the  casing  was  cast  is  11  feet  in  diameter  and 
22  feet  in  depth.   The  flask,  when  in  the  pit,  extended  about  7  feet 
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above  the  top.  To  conduct  the  metal  from  the  furnaces  to  the  flask  the 
tap-hole  of  each  furnace  was  connected  by  a  runner  with  a  common 
reservoir  or  basin  for  mixing  the  charge ;  titience  two  runners  extended 
to  the  flask,  connecting  with  side  runners  on  opposite  sides  and  at 
points  about  4  feet  8  inches  from  the  top,  which  was  as  high  as  the  flow 
of  metal  from  the  furnaces  could  reach.  To  fill  the  flask  above  this 
height,  it  was  arranged  that  a  portion  of  the  charge  of  one  of  the  fur- 
naces should  be  drawn  off  into  ladles  to  be  poured  in  at  the  top. 

CASTINa. 

The  fires  were  kindled  in  furnaces  Nos.  2  and  3  at  3.30  a.  m.,  and  in 
Ko.  1  at  4  a.  m..  May  30,  1877.  The  metal  was  down  in  all  the  furnaces 
by  12.30  p.  m.,  though  No.  1  preceded  the  others  by  fully  half  an  hour, 
on  account  of  being  more  advantageously  located  for  feeding  the  fires. 
Tests  of  the  metal  in  fusion  were  made  at  various  intervals.  At  4.40  p. 
m.  it  was  found  to  be  in  proper  condition  in  all  the  furnaces,  and  they 
were  tapped  simultaneously.  In  15  minutes  the  mold  was  filled  to  the 
level  of  the  runners  from  the  basin.  The  flow  of  metal  from  the  furnaces 
was  then  stopped,  and  the  connecting  apertures  closed.  Two  large 
ladles  of  metal,  which  had  meanwhile  been  drawn  from  one  of  the  fur- 
naces, were  quickly  poured  in  at  the  top  of  the  flask,  which  filled  it  to 
within  20  inches  of  the  surface.  The  remaining  space  was  filled  by  add- 
ing three  small  ladles  of  metal,  the  last  one  being  poured  at  5.45  p.  m. 
It  was  found,  however,  the  next  morning,  that  thej  surface  of  the  cast- 
ing had  sunk  several  inches  during  the  night,  and  more  metal  was  then 
added. 

COOLlNa. 

The  water  was  let  into  the  core  barrel  at  the  same  moment  that  the 
furnaces  were  tapped,  and  circulated  for  42  minutes  at  the  rate  of  60 
gallons  per  minute.  It  was  then  diminished  to  36  gallons  per  minute, 
at  which  rate  the  circulation  was  continued  until  shut  off  for  the  pur- 
pose of  withdrawing  the  core  barrel.  Fires  were  lighted  in  the  pit  at  6 
o'clock  p.  m.,  and  were  kept  burning  for  about  60  hours.  The  flow  of 
water  was  stopped  24  hours  after  casting,  and  the  core  barrel  removed. 
The  water  was  then  injected  into  the  gun,  and  after  a  short  interval  the 
rate  of  circulation  was  fixed  at  26  gallons  per  minute,  and  continued 
until  118^  hours  after  casting,  when  it  was  shut  off,  excepting  a  small 
stream  of  half  a  gallon  per  minute,  which  was  allowed  to  circulate  for 
14^  hours  longer.  The  details  of  the  cooling  are  given  in  the  "  statement 
of  fabrication"  (Table  No.  1). 

TURNING  AND  BORING. 

When  the  gun  had  become  thoroughly  cooled  the  flask  was  removed, 
and  the  outside  cleaned  of  as  much  of  the  scale  as  came  off  readily.  The 
hoisting  from  the  pit  was  attended  with  some  delay  and  difficulty,  as 
the  foundry  cranes  were  too  light  for  the  purpose,  and  additional  hoist- 
ing machinery  had  to  be  erected  temporarily.  It  was  finally  accom- 
plished on  the  twelfth  day  after  casting,  and  the  gun  was  lowered  upon 
skids  alongside  the  pit.  The  remainder  of  the  scale  was  chipped  off 
from  the  exterior,  and  the  bore  was  cleaned,  as  far  as  practicable,  after 
being  treated  with  a  solution  of  diluted  sulphuric  acid  to  soften  the  scale. 
The  gun  was  then  transferred  to  the  machine  shoj),  and  placed  in  the 
heading  lathe.  While  in  this  machine  the  greater  portion  of  the  super- 
fluous metal  of  the  chase  was  removed  by  cutting  in  at  short  intervals  to 
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within  2  or  3  incluvs  of  tho  reciiiired  diariieter,  tiiid  then  bmiking-  out  the 
intervening-  rinj;\s  with  ehisel  and  hammer.  A  rinj?  for  testing-  purposes, 
3i  inches  thick,  was  cut  next  to  the  muzzle,  and,  as  soon  as  work  upon 
the  chase  was  sufliciently  advanced,  was  detaclied,  together  with  the 
sinking  liead. 

The  gun  was  next  transferred  to  a  boring-lathe,  where  the  operations 
of  boring  and  turning  could  be  carried  on  at  the  same  time.  In  this  ma- 
chine the  bore  was  finished  for  the  reception  of  the  tube  and  the  ex- 
terior, with  the  exception  of  the  trunnion  section  and  the  extremity  of 
the  breech,  turned  down  to  the  prescribed  dimensions. 

A  careful  inspection  at  this  stage  of  the  work  showed  the  bore  to  be 
smooth  and  free  from  flaws,  and  no  defects  of  imi)ortance  were  found  on 
the  exterior. 

Measurements  with  the  star-gauge  showed  a  diameter  of  bore  varying 
only  from  19.494  to  19.496  inches,  and  the  eccentricity  nowhere  exceeded 
0.002  inch. 

The  straightness  of  the  bore  was  verilied  by  a  cylinder-gauge  60  inches 
in  length  and  19.49  inches  in  diameter,  wliich  was  inserted  to  the  bottom 
and  withdrawn  without  difticulty.  To  finish  the  trunnion  section  of  the 
exterior  the  casing  was  placed  in  a  trunnion-lathe  and  the  trunnions 
turned  down  to  their  proper  dimensions,  while  the  greater  part  of  the 
excess  of  metal  between  was  removed  by  a  planing-machine  working 
at  the  same  time.  The  sight-seat  and  rimbases  were  next  finished  by 
chipping  off  the  surplus  metal  by  hand  and  filing  down,  and  an  indica- 
tor-hole for  the  gas-escape  was  bored  near  the  breech. 

As  soon  as  the  diameter  of  bore  of  the  casing  was  determined  the 
tube  was  placed  in  a  lathe  and  the  exterior  finished  to  a  diameter  vary- 
ing uniformly  from  19.488  inches  near  the  breech  to  19.483  inches  in  the 
vicinity  of  the  muzzle,  thereby  allowing  a  play  between  tube  and  casing 
varying  from  0.007  to  0.013  inches. 

The  tube  now  being  ready  for  insertion,  the  casing  was  placed  in  posi- 
tion upon  two  lathe-beds,  with  the  muzzle  slightly  elevated.  The  tube 
was  suspended  by  slings  to  a  truck-crane,  and,  having  been  thoroughly 
oiled  and  the  breech  smeared  with  red  lead,  was  swung  in  front  of  the 
casing  and  inserted  as  far  as  the  slings  would  permit.  These  were  then 
shifted  forward  by  changing  the  position  of  the  crane,  and  the  tube  was 
allowed  to  slide  gradually  down  until  it  reached  the  bottom.  No  diffi- 
culties on  account  of  sticking  or  binding  were  encountered.  The  tube 
was  then  withdrawn,  and  the  operation  of  insertion  repeated  until  by 
filing  the  bottom  of  the  tube  a  thorough  contact  was  secured  between  it 
and  the  bottom  of  the  bore  of  the  casing.  After  this  had  been  accom- 
plished the  tube  was  placed  in  the  rifling-machine  and  rifled.  It  was 
then  finally  inserted,  and  the  muzzle-collar,  which  had  been  finished  in 
the  mean  time,  was  fitted  and  screwed  home. 

The  gun  now  being  assembled,  it  was  placed  in  the  heading-lathe  and 
the  muzzle  faced ;  holes  were  drilled  for  the  vent-piece  and  securing- 
pins,  which  were  inserted  in  their  places. 

Finallj^,  the  breech-square,  which  had  been  left  at  the  breech  for  hand- 
ling the  gun  in  the  lathe,  was  turned  down  until  it  could  be  broken  off, 
which  was  done  by  blows  from  a  sledge-hammer,  and  the  breech  was 
finished  hy  chipping  off  the  remainder  of  the  surplus  metal  by  hand. 

TESTS. 

The  ring  taken  from  next  the  muzzle  of  the  gun  was  tested  for  initial 
tension,  and  specimens  were  afterwards  taken  out  for  ascertaining  the 
tenacity  and  density  of  the  metal.  The  results  are  given  in  Table  STo.  1. 
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The  metal  of  the  ring  in  several  places  was  quite  spongy,  indicating 
an  insufficient  length  and  weight  of  sinking- head,  and  considerable  diffi- 
culty was  experienced  on  this  account  in  securing  suitable  specimens 
for  the  test.  The  ring  was  taken  from  that  part  of  the  casting  where 
the  metal  was  i^oured  in  from  ladles  (and  consequently  was  somewhat 
cooled).  It  is  not  certain,  therefore,  that  the  specimens  taken  from  it 
correctly  indicate  the  physical  properties  of  the  metal  in  the  gun  which 
came  direct  from  the  furnaces.  An  outside  specimen,  taken  from  the 
gun  19  inches  from  the  muzzle,  was  tested,  and  gave  results  materially 
different  from  specimens  taken  from  the  ring.    (See  Table  No.  1.) 

INSPECTION. 

The  inspection  made  at  various  times  during  the  progress  of  the 
construction  showed  the  workmanship  of  the  gun  to  be  satisfactory 
throughout. 

The  gun  when  finished  (December  21,  1877)  was  sent  to  the  proving- 
ground  at  Sandy  Hook,  N.  J.,  for  proof  and  trial. 

Principal  dimensions. 


Diameter  at  muzzle  ■  inches..  27.  55 

Diameter  at  18  inches  from  muzzle  do   27.  55 

Diameter  at  38  inches  from  muzzle  do   27.  70 

Diameter  at  58  inches  from  muzzle  do   29.  38 

Diameter  at  78  inches  from  muzzle  do   31.  78 

Diameter  at  98  inches  from  muzzle  do   34.  83 

Diameter  at  118  inches  from  muzzle  do   38.  48 

Diameter  at  138  inches  from  muzzle  do   42.  68 

Diameter  at  158  inches  from  muzzle  do   47.  08 

Diameter  at  178  inches  from  muzzle  do   .50.  93 

Diameter  at  198  inches  from  muzzle  do  ....  53.  78 

Diameter  (maximum)  at  218  inches  from  muzzle  do   55 

Diameter  at  breech  do   47. 16 

Diameter  at  neck  do   41.60 

Diameter  of  trunnions : 

Right  do....  15 

Left  do....  15 

Diameter  of  rimhases : 

Right  do....  17 

Left  do....  17 

Total  length  of  gun  do ... .  262. 92 

Length  of  trunnions : 

Right  do....  6.31 

Left  do....  6.32 

Distance  between  rimhases    do   55.  09 

Distance  from  axis  of  trunnions  to  face  of  muzzle  do   167. 67 

Distance  from  axis  of  trunnions  to  rear  of  breech  do   95. 25 

Distance  of  axis  of  trunnions  from  axis  of  bore  do   .  005 

Total  length  of  tube  do  ... .  232. 12 

Total  length  of  bore  of  casing  do   232. 12 

Maximum  eccentricity  of  bore  of  casing  do   .  002 

Length  of  B  tube  .do....  59.86 

Depth  of  wrought-iron  cup  at  bottom  of  tube  do   5.  07 

Thickness  at  bottom  of  wrought-iron  cup  do   5 

Diameter  of  finished  tube  from  bottom  to  60  inches  do   |  Jg" 

c  19  494 

Diameter  of  bore  of  casing  from  bottom  to  60  inches  do   < 

Corresponding  play  —  do   .  009 

Diameter  of  finished  tube  from  60  inches  from  bottom  to  muzzle  ..  -  do   1  19  486 

(  19  494 

Diameter  of  bore  of  casing  from  60  inches  from  bottom  to  muzzle.,  do   >  19  496 

Corresponding  play  do   .  013 

Length  of  neck  of  tube  under  muzzle-collar  do   6.  96 
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l.t>ii;^tli  of  mu//l(^-c.()llar  inches..  0.96 

L(Mi,<;t  li  of  rocess  in  casino-  <l()   7.  42 

LtMi»;tli  of  screw  on  mn/zlc-collar  <1<)   4.  H75 

iicn^tli  of  screw  on  recess  in  casin<»-  do   4.75 

ICxccss  in  l(>n<;th  of  screw  on  collar  ovci'  thai  on  recess  do.. . .  .  \2') 

Diameter  of  tube  over  neck  do   IG.  r>()G 

Interior  ilianietiVi-  of  ninzzle-collar  do   1(1.  51 

Corresponding^  l)la,v  -  do   .004 

1  )ianu^ter  of  innz/le-collar  across  threads  do   19.  992 

i  )ianieter  of  recess  on  casinj'-  do ....  19.  999 

IMay  Ix^tween  collar  and  casing  do   .  007 

Thickness  of  collar   do   1.  741 

Pitch  of  thread  on  collar  do   .75 

Kadins  of  cnrve  at  bottom  of  bore  of  casing  do   2. 18 

Radins  of  cnrve  at  bottom  of  tnbe                                                   do..  ..  2.25 

Diameter  of  gas-channel  throngli  casing  do   .23 

Distance  of  interior  oritice  below  axis  of  bore  do   7.  06 

Distance  of  exterior  oritice  from  tangent  to  bottom  of  gnn  do   18. 16 

Length  of  bore  of  A  tnbo  do   227.  11 

Length  of  riHed  portion  of  tnbe   do   20().  90 

Diameter  of  bore  across  lauds  do   |  J.^' 

Width  of  grooves  do   .  916 

Width  of  lands  do ....  .  9166 

Depth  of  grooves  do   .  091 

Pitch  of  ritling  .feet...  70 

Diameter  of  vent  inches . .  .2 

Diameter  of  veut-bnshing  do   1 

Axis  of  vent  from  bottom  of  bore  do   9.  2 

Axis  of  vent  from  vertical  plane  througli  axis  of  bore  do   :j.  15 

Xiengtli  of  securing-pins : 

No.  1  do....  5.06 

No.  2  do....  5.55 

No.  3.  do....  9.52 

No.  4  do....  11.68 

Diameter  of  seciiring-pins : 

No.  1  do....  1.504 

No.  2  do....  1.50 

No.  3  do....  2 

No.  4  do....  2 

Distance  of  securing-i)in  from  muzzle: 

No.  1  do....  28.08 

No.  2  do....  48.05 

No.  3  do.,..  105.58 

No.  4    do....  128.84 

Weight  of  gun  pounds . .  89,  350 

Counter  preponderance  ,  do....  51 


Foundry  history  of  the  12.25-i«c/j  viuzzle-loading  rifle,  manufactured  at  the  South  Boston 

foundry,  Boston,  Mass. 

CHARGE  OF  METAL. 


Grade  of  iron. 

Furnaces. 

No.  1. 

No.  2. 

No.  3. 

Total. 

IRON  USED. 

No.  1  

Ihs. 
15,  000 
15,  000 

15,  000 

15,  800 

lbs. 
15,  000 
15,  000 

15,  000 

15,  800 

lbs. 
15,  000 
15,  000 

15,  000 

15,  800 

lbs. 

45,  000 
45,  000 

45,  000 

47,  400 

1^0.2  

No.  3  (hard)  C 

No.  3  (soft)  \ 

COAL  CONSUMED. 

Melting  

60,  800 

CO,  800 

60,  800 

182,  400 

57,  000 
27.  000 

84,  000 

10  ORD 
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Character  of  test-sticks. 


Furnaces. 

Xo.  1. 

No.  2. 

No.  3. 

Basin. 

Nearly  white  . . . 

Mottled  

Slightly  mottled. 

None  taken. 

Record  of  casting. 


May  30. 


Furnaces  tired  at   3.30  and  4  a.  m. 

Metal  down  at   12.30  p.  m. 

Time  of  melting   9  hours. 

Time  in  fusion     4^  hours. 

Guu  cast  at   4.40  p.  m. 

Time  occupied  in  castino-   15  minutes. 

Temperature  of  water  entering  core-barrel   62  degrees. 

Temperature  of  water  leaving  core-barrel  (45  minutes)   113  degrees. 

Rate  of  water  per  minute   36  gallons. 

Fire  kindled  in  pit   6  o'clock  p.  m. 

May  31. 

Water  shut  otf  at   5  p.  m. 

Core-barrel  removed  at   6.45  p.  m. 

Water  entered  gun  at   6.-57  p.  m. 

Temperature  of  water  entering  gun   64  degrees. 

Temperature  of  water  leaving  gun  in  13  minutes   136  degrees. 

Total  time  in  cooling  gun   119^  hours. 

June  2. 

Fire  in  pit  went  out   6  a.  m. 

Fire  in  pit  burned   60  hours. 


COOLING  TABLES. 


Core-barrel. 

Core-barrel  removed. 

.Hours. 

Degrees. 

Hours. 

.  1 

Degrees. 

Hours. 

Degrees. 

Hours. 

Degrees. 

Hours. 

Degrees.- 

1 

110 

23 

84 

45 

129 

67 

87 

89 

72 

9 

106 

24  , 

83 

46 

128 

68 

85 

90 

72 

\ 

104 

25 

47 

127 

69 

84 

91 

70 

102 

26 

48 

126 

70 

83 

92 

70 

5 

100 

27 

185 

49 

126 

71 

81 

93 

70 

6 

98 

28 

179 

50 

125  I 

72 

81 

94 

70 

7 

100 

29 

169 

51 

123 

73 

81 

95 

70 

8 

100 

30 

159 

52 

121 

74 

80 

96 

70 

9 

100 

31 

150 

53 

119  ' 

75 

79 

97 

70 

10 

100 

32 

146 

54 

117 

76 

78 

98 

70 

11 

102 

33 

139 

55 

114 

77 

78 

99 

70 

12 

100 

34 

134 

56 

110 

78 

76 

100 

70 

13 

100 

35 

140 

57 

105 

79 

76 

101 

70 

14 

100 

36 

142 

58 

101 

80 

75 

102 

70 

15 

100 

37 

144 

59 

99 

81 

75 

103 

70 

16 

99 

38 

146 

60 

97 

82 

75 

104 

70 

17 

90 

39 

143 

61 

95 

83 

75 

105 

70 

18 

90 

40 

138 

62 

98 

84 

75 

106 

69 

19 

89 

41 

136 

63 

92 

85 

74 

107 

69 

20 

88 

42 

134 

64 

91 

86 

74 

108 

69 

21 

87 

43 

132 

65 

89 

87 

74 

109 

68 

22 

86 

44 

131 

66 

88 

88 

74 

110 

68 
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MECHANICAL  TESTS. 


Specimens. 


No.  C  (outHifle)  *  . . 
No.  8  (luiddlo)*  .. 
No.  4  (inside)  '  . .. 
No. :!  (out Hide)  t  .. 
No.  8  (middle)  t  . . 
No.  1  (inside)  t  ... 
Kadial  specimen  * 


*  Specimons  tested  at  the  Ihiited  States  Ordnance  Agency, 
t  Specimens  tested  at  the  foundry. 
\  Specimen  taken  from  outside  of  truu  at  about  19  inches  from  muzzle. 


[)ntial  ten>-ion. 

Inches. 

Exterior  diaiuetor  of  ring   49 

Interior  diameter  of  ring   17.75 

Thi('kne>,s  of  ring     3.  54 

ThieUness  of  broken  sections   0.  58 

Intt'i'ior  of  o])ening     0  068 

Exterior  of  o[)ening   0.184 

Circnniferenee  o^"  ext(>rior  of  ring    153.938 

Exterior  per  inch  of  eircuniference   0.  001195 

Initial  tension  ponnds . .  19,  500 


Remarks. — Equal  ciuantities  of  Dover  and  Miiirkirk  were  used  in 
cbarjj;Tiig  the  furnaces.  Record  of  coal  consumed  was  not  kept  for  the 
different  furnaces.  Furnaces  Nos.  2  and  3  fired  at  3.30,  Ko.  1  at  4  a.  m. 
Cooling  tables  rei)resent  tUe  temperature  at  whicli  the  water  left  the 
core-barrel  and  gun.  Temperature  was  at  68°  when  the  water  was 
shut  off. 

PRELntlNARY  EXPERIMENTS  AND  TESTS. 

Previous  to  casting  the  gun-casing  a  number  of  experimental  castings 
were  made  and  tested  with  a  view  to  determine  the  proper  quality  of 
iron  to  be  emploj'ed.  This  course  was  necessary  in  order  to  provide 
a  substitute  for  the  Richmond  pig  iron,  which  can  no  longer  be  procured 
of  suitable  quality  for  gun  construction.  The  most  satisfactory  results 
in  these  experiments  were  obtained  from  a  mixture  of  equal  quantities 
of  Dover  and  Muirkirk  pig  iron.  A  trial  cylinder  of  the  same  form 
and  dimensions  as  those  described  in  Cax^tain  Rodman's  Experiments  on 
Metals  for  Cannon  (pp.  225  and  226)  was  then  cast  from  the  mixture. 
This  cylinder  was  cut  up  in  the  same  manner  as  those  above  referred 
to,  and  was  subjected  to  a  similar  series  of  tests  for  the  purpose  of  de- 
termining the  physical  properties  of  the  metal.  The  results  obtained 
from  these  tests  were  satisfactory,  and  it  was  decided  to  use  a  similar 
mixture  for  the  gun-casing. 

The  Dover  is  made  at  Chatham,  Columbia  County,  New  York,  being 
smelted  with  charcoal  from  a  brown  hematite  ore  found  a  few  miles 
south  of  Dover  Plains,  Dutchess  County,  New  York.  This  ore  is  mined 
in  a  wide  vein,  and  is  of  two  kinds,  there  being  two  lines  of  deposit  in 
the  stratum.  One  is  a  rich,  solid  ore,  yielding  from  48  to  55  per  cent, 
of  iron  j  the  other  yields  from  38  to  42  per  cent.  In  smelting  the  iron 
the  two  kinds  of  ore  are  used  in  nearly  equal  proi)ortions,  it  having 
been  found  that  such  a  mixture  gave  the  best  results. 

The  Muirkirk  iron  is  made  with  charcoal  at  Muirkirk,  Prince  George's 
County,  Maryland.  The  ore  used  is  a  nodular  carbonate  of  iron  from 
the  tertiary  sands  of  the  western  shore  of  Chesapeake  Bay.  It  is  more 
or  less  altered  into  sesquioxide  of  iron  by  the  action  of  surface  water, 
and  is  cleaned  and  roasted  before  charging  the  furnace. 


Tenacity. 


39,  900 
:{3,  000 
30,  000 

40,  794 
34,  346 
40,  704 
33,  881 
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The  yield  of  iron  from  the  raw  ore  is  from  40  to  45  per  cent.,  and 
from  the  roasted  about  50  per  cent. 

Both  of  these  irons  have  been  used  at  the  South  Boston  foundry  for 
a  number  of  years  and  with  excellent  results,  but  have  not  heretofore 
been  employed  for  ordnance  purposes. 

Mean  physical  properties  of  trial  cylinder. 

Density   7.2771 

Tenacity  pounds . .  33,  875 

Elastic  limit  imder  tensile  strain  do   'J,  750 

Extension  under  strain  at  elastic  limit  inch. .  0.  00051 

Ultinuite  extension  per  inch  do. . .  0.  00337 

Ultimate  restoration  from  extension  do  ..  0.00199 

Permanent  set  do . . .  0.  00163 

Elastic  limit  under  strain  of  compression  pounds..  8,200 

Compression  i)er  inch  under  strain  of  elastic  limit  inch. .  0.  00093 

Compression  per  inch  at  35, 000  pdunds  do. ..  0.  00376 

Restoration  from  compression  at  35,000  pounds  do. ..  0.  00280 

Permanent  set  from  compression  at  35,000  pounds  do. ..  0.  000955 

Transverse  resistance  pounds . .  11,  556 

Tangential  resistance  x^er  square  inch  do   63, 184 

Ultimate  resistance  to  crushing  force  do   114, 143 

Hardness   18 

Hardness  of  copper   4. 16 

Mean  physical  properties  of  Enylisl}  {Redsdale)  bar  iron  employed  in  manufacture  of  coiled 
u-rought-iron  tube  for  the  12-inch  rifle. 

Density  ,   7.  6353 

Tenacity : 

Along  the  fiber  pounds . .  56,  800 

Across  the  tiber  and  j)arallel  with  the  depth  of  the  bar  do   42,  000 

Across  the  fiber  and  perpendicular  to  the  depth  of  the  bar   do   24,  000 

Elastic  limit  under  strain  of  extension  do   21,  333 

Extension  per  inch  at  elastic  limit  inch..  0.  0029 

Ultimate  extension  per  inch  do. . .  0.  264 

Ultimate  restoration  per  inch  do. . .  0.  0025 

Ultimate  permanent  set  per  inch  do . . .  0.  2030 

Hardness   9. 717 

Hardness  of  copper    4. 16 


THE  10-INCH  MUZZLE-LOADING  RIFLE  CONVERTED.— EXPERIMENTAL. 


(Plate  XLI.) 


DESCRIPTION  OF  THE  GUN. 


The  cast-iron  casing  C  consists  of  a  13-inch  Rodman  smooth-bore  gun, 
bored  up  to  a  diameter  of  17  inches.  The  tube  is  of  coiled  wrought  iron, 
and  is  inserted  and  secured  in  the  casing  in  the  same  manner  as  in  sys- 
tem No.  1.  The  inner  or  A  tube  is  made  in  two  sections.  The  breech 
section  A'  is  joined  to  the  muzzle  section  A  by  counterboring  and  cut- 
ting a  screw-thread  in  the  latter  for  its  reception.  The  section  A'  is 
united  by  shrinkage  with  the  outer  or  B  tube.  The  latter  tube,  for  a 
distance  of  5  inches  from  its  joint  with  the  muzzle- section  of  the  A  tube, 
is  bored  to  an  interior  diameter  of  13  inches,  and  for  the  remainder  of  its 
length  to  13.5  inches,  thereby  forming  the  shoulder  a  a  0.25  inch  in 
height.  It  extends  2.5  inches  beyond  the  A'  tube  at  the  rear,  and  the 
bottom  is  closed  by  the  disk  D,  which  is  screwed  in  and  forms  a  close 
contact  with  the  breech  of  the  A'  tube. 

The  object  of  this  form  of  construction  is  to  secure  an  increased  longi- 
tudinal strength  to  the  system  of  lining  cast-iron  guns  with  coiled 
wrought-iron  tubes.    By  this  arrangement  all  the  longitudinal  strength 
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existing"  in  both  tlio  Innvv  or  A'  tube  and  tlic  I>  tiibcc.iiu  be  brou^j^lit  into 
pljiy. 

Heretofore  the  1>  tub(^  has  only  been  shrunk  on  witliout  a  shouhler^ 
and  thus  oidy  aidin*;-  tlie  inner  tube  (h)ngitudinally)  by  the  resulting- 
frietion,  and  has  not  the  advaiita<^e  of  tlie  i)()sitive  U)(5kin«;'  together  of 
the  tube  and  jacket  provided  for  by  this  form  of  construction. 

The  action  in  actual  practice  will  be  as  Ibllows  : 

On  the  discharge  of  the  gun,  the  i)owder  impresses  on  the  bottom  of 
the  bore  the  ])ressure  of  its  gases,  and  also  on  the  i)r()jectile.  The  latter 
in  its  passage  through  the  bore — especially  when  the  jnaximum  pressure 
attains— creates  considc^rable  and  dangerous  longitudinal  strains  from 
friction  on  the  surfaces  of  the  bore,  calling  into  play  the  longitudinal 
strengtli  of  the  inner  tube,  which,  ordinarily  constructed,  has  in  some 
cases  failed  (as  experiments  have  shown)  to  sustain  the  strain,  and  lon- 
gitudinal rupture  has  ensued. 

By  tlie  plan  under  consideration  the  screw-cuj)  E,  held  firmly  at  tlie 
bottom  of  the  bore  by  the  developed  gases,  transmits  the  pressure  it  sus- 
ains  to  the  disk  Dj  which  in  turn  holds  the  outer  tube  or  jacket  B  by  its 
union  with  it. 

The  projectile  in  its  passage  through  the  bore  throws  a  powerful  (fric- 
tional)  longitudinal  strain  on  the  inner  tube,  which,  w4ien  the  maximum 
strains  are  reached,  transmits  the  thrust  to  the  shoulder  a  a.  This  in 
turn  transmits  it  to  the  jacket  B,  which  being  secured  at  the  base  by  the 
disk  D,  is  drawn  ujjon  for  its  longitudinal  strength  in  the  manner  pro- 
vided for  by  the  improvement  presented. 

RIFLINa  AND  VENTING. 

The  gun  is  rifled  with  17  lands  and  grooves,  each  of  equal  width.  The 
full  depth  of  rifling  stops  at  18  inches  from  the  bottom  of  the  bore,  and 
the  grooves  are  connected  with  the  unrifled  i:)ortion  of  the  bore  by  a 
bevel  1.5  inches  in  length. 

Inch. 

Width  of  grooves  and  lauds   0.924 

Dep til  of  grooves   0.08 

Twist  uuiform,  oue  turn  iu  50  feet. 

The  vent  is  located  2.5  inches  from  and  parallel  to  a  vertical  plane 
through  the  axis  of  the  bore,  and  enters  4.5  inches  from  the  bottom. 

FABRICATION. 

The  work  of  conversion  was  performed  at  the  South  Boston  foundry. 
The  gun  used  for  the  casing  was  a  13-inch  Rodman  smooth-bore,  man- 
ufactured at  the  same  foundry  and  inspected  and  i)roved  in  1866. 

The  gun  Avas  placed  in  a  boring  lathe  and  bored  up  to  17  inches,  the 
recess  for  the  muzzle-collar  was  bored  and  tapped,  and  the  indicator- 
hole  for  the  gas-escape  bored. 

The  several  parts  of  the  tube,  as  received  at  the  foundry,  were  bored 
under  size  and  rough- turned,  so  as  to  leave  a  slight  excess  of  metal 
above  the  required  diameters.  To  join  these  parts,  the  B  tube  wa^ 
bored  up  to  the  required  diameter,  and  the  thread  cut  at  the  breech 
for  the  disk.  The  muzzle  section  of  the  A  tube  was  counterbored, 
threaded,  and  beveled  for  the  reception  of  the  breech  section.  The 
latter  section  was  then  finished  at  the  joint,  so  as  to  make,  as  near  as 
practicable,  a  mechanical  fit,  while  the  remainder  of  the  exterior  was 
turned  to  a  diameter  to  enter  the  B  tube  under  a  shrinkage  of  about 
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0.003  inch.  The  spiral  groove  for  tLe  gas-escape  was  then  cut  and  tbe 
breech  squared  oft'  and  finished. 

*  To  shrink  the  two  parts  together,  the  B  tube  was  placed  vertically, 
breech  upward,  upon  the  end  of  a  hollow  cast-iron  cylinder,  vrith  an 
interior  diameter  large  enough  to  admit  of  the  free  passage  of  the  front 
end  of  the  breech  section  of  the  A  tube.  It  (the  B  tube)  was  then 
inclosed  in  a  cylinder  of  sheet  iron  and  heated  up  by  a  wood  tire  until 
the  interior  diameter  had  expanded  0.06  inch. 

The  section  of  the  A  tube,  after  being  filled  with  cold  watei',  which 
was  confined  in  the  bore  by  a  wooden  plug,  was  attached  to  a  crane, 
and  lowered  into  the  B  tube  until  the  shoulders  on  each  came  iri  con- 
tact. A  stream  of  water  was  then  turned  upon  the  B  tube,  and  con- 
tinued until  it  was  thoroughly  cooled.  The  disk  D  was  then  screwed 
into  its  place  at  the  breech. 

The  surface  of  contact  of  the  joints  of  the  two  sections  of  the  tube, 
as  now  assembled,  were  next  turned  down  and  fitted  to  the  front  section 
of  the  A  tube,  until  as  close  a  junction  was  secured  as  was  practicable. 
The  sections  were  then  screwed  together,  and  the  tube  turned  down  in 
a  lathe  to  the  required  dimensions  for  insertion  in  the  casing,  and  after- 
wards bored  up  to  the  prescribed  diameter  and  rifled. 

The  mode  of  inserting  the  tube  was  identical  with  that  employed  in 
the  construction  of  the  12.25-inch  rifle. 

After  the  insertion  of  the  tube,  the  vent-piece  and  securing  xnns  were 
inserted  in  their  i)laces,  and  the  muzzle  faced.  The  tube  and  muzzle- 
collar  were  allowed  to  i)roject  1.5  inches  beyond  the  muzzle  of  the 
casing. 

8-INCH  BREECH-LOADING  RIFLE.— EXPERIMENTAL. 
(Plates  XLII,  XLIII,  XLIV.) 

The  board  on  heavy  rifled  ordnance,  instituted  by  the  War  Depart- 
ment under  the  act  of  Congress  of  June  G,  1872,  for  the  selection  of 
breech-loading  and  muzzle-loading  rifled  ordnance  for  experiments  and 
tests,  in  submitting  its  recommendations,  designated,  among  others,  a 
Krupp  breech-loading  system  for  ])rocurement  by  the  United  States, 
placing  it,  among  breech-loaders,  first  on  the  list  in  order  of  merit. 

The  recommendations  of  the  board  were  only  carried  out  at  the  time, 
as  far  as  breech-loading  guns  were  concerned,  hy  the  labrication  of  the 
Thompson  and  Sutclifte  rifles,  which  latter  now  await  the  appropriation 
of  funds  by  Congress  for  the  prosecution  of  experiments  with  them. 

The  test  of  a  system  embodying  the  round- wedge  fermeture  (Krupp 
pattern)  as  a  breech  mechanism,  was  delayed  at  the  time  (other  systems 
taking  precedence),  and  the  Department  was  only  able,  during  the  last 
year,  to  undertake  and  cause  to  be  fabricated  as  a  conversion  an  8-inch 
breech-loading  rifle  (with  round-wedge  fermeture)  by  the  alteration  of  a 
10-inch  smooth-bore,  and  thus  practically  carry  into  efi'ect  the  recom- 
mendation of  the  board  on  heavy  ordnance  of  1872  looking  to  the  test 
of  a  system  of  breech  loadiug  regarded  by  it  as  i)romising  superior  re- 
sults to  all  others  presented  for  its  consideration  and  action. 

The  details  of  the  breech  mechanism  being  well  known,  the  main  ques- 
tion was  to  devise  a  system  of  gun  construction  involving  the  utilization 
of  a  ca^t-iion  gun  and  combining  with  it  a  steel  breech-piece  inserted  at 
the  rear,  furnishing  a  strong  and  proper  support  for  the  breech-block, 
and  providing  an  aperture  to  receive  and  work  in  it  the  latter. 
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The  lon^itiuliiiJil  woiikiicss  (I'or  wjuit  ol  inctal)  wliicli  would  evidently 
sittain  if  we  jittein])ted  to  form  <u\  ;i])erture  in  tlie  breech  of  a  east-iron 
i;ini  to  receive  the  breeeh-ferinetiire  ;  also  the  inherent  weakness  of  east 
iron  to  stand  tlso  strains  an<l  jar  of  lirings  ;  also  the  material  shortening 
of  the  bore  whi(th  would  result — conclusively  led,  with  other  considera- 
tions in  the  ])laiininii-  of  this  conversion,  to  the  use  of  a  steel  breecli- 
])iece  extending  beyond  and  to  the  rear  of  the  cast-iron  body,  suflicient 
to  receive  and  work  in  it  a  well  ])roi)ortioned  and  sul'liciently  strong  fer- 
meture. 

The  important  (luestion  of  solidly  uniting  the  steel  receiver  of  the 
fermeture  with  the  cast-iron  body  rec^eived  attentive  consideiation.  It 
was  decided  that  a  screw-thread  of  the  same  form,  pitch,  and  dimensions 
as  that  employed  in  the  case  of  the  8-inch  muzzle-loader,  breech  insertion, 
would  (both  from  our  calculations  and  the  successful  results  attained 
Avith  the  latter  gun)  give  all  the  solidity  and  strength  that  could  possibly 
be  brought  into  requisition  in  service. 

To  insure  no  possibility  of  the  cast  iron  rupturing  from  the  longitudinal 
strains,  the  screw-thread,  it  was  determined,  should  be  i^laced  upon  the 
front  i)art  or  jacket  portion  of  the  breech -receiver.  This  extension  not 
only  attbrds  a  place  for  the  thread,  but  also  gives  additional  tangential 
strength  to  the  system  by  sui)porting  the  Avrought-iron  coiled  tube  form- 
ing the  interior  lining  of  the  gun.  The  tube  is  lurther  tangentially  sup- 
ported by  that  portion  of  the  breech-receiver  rearward  of  the  jacket 
portion  which  finds  place  in  the  cast-iron  body,  and  extends  far  enough, 
into  the  breech  to  nearly  or  quite  envelop  the  charge  chamber  and  seat 
of  the  shot ;  thus  affording  a  strength  more  than  adequate  to  resist  the 
great  strains  which  must  be  sustained  by  this  portion  of  the  gun.  The 
enlargements  (rearward  of  jacket  portion)  in  diameters  of  the  breech- 
receiver  piece  also  j^rovide  sufficient  metal  to  resist  the  longitudinal  and 
jarring  strains  to  which  the  protruding  walls  of  the  breech-piece  are 
subjected  at  the  i)oint  where  it  protrudes  from  the  cast-iron  body.  The 
protruding  portion,  it  will  be  seen,  is  so  dimensioned  as  to  accommodate 
the  fermeture,  and  have  all  the  requisite  strength  for  its  functions. 

The  bore-tube,  it  was  decided,  should  be  made  of  coiled  wrought  iron 
on  account  of  the  decided  success  heretofore  attained  by  us  in  lining 
guns  with  coiled  tubes  constructed  of  this  nietal. 

The  tube  is  shouldered  to  prevent  any  forwartl  movement  oi  the  tube, 
either  from  the  pressure  developed  at  the  seat  of  the  gas-check  or  the 
strains  resulting  from  the  thrust  of  the  projectile  developed  by  the  fric- 
tion between  the  walls  of  the  gun  and  the  shot  in  tiring. 

A  steel  band,  it  was  deemed  advisable,  should  be  shrunk  on  to  the 
.€ast-iron  body  at  its  breech  end,  to  give  additional  tangential  strength 
to  the  system,  and  also  to  give  a  better  finish  and  appearance  to  the 
gun. 

SUMMARY. 

In  this  construction,  the  question  of  the  strength  of  the  system  to 
withstand  the  different  strains  which  it  will  be  subjected  to  in  service, 
it  is  thought,  has  been  fully  met.  The  coiled  wrought  iron  as  an  interior 
lining  tube  secures  all  the  strength  and  extensibility  requisite  to  with- 
stand the  tangential  strains  developed  at  the  surface  of  the  bore,  using 
the  heaviest  battering  charges  for  the  caliber  employed,  and  the  dura- 
bility of  the  surface  of  the  bore  and  the  rifling — using  expanding  systems 
of  projectiles — have  been  fully  proved.  The  disabilities  likely  to  arise 
from  defective  coiled  welds  are  also  fully  met  by  shouldering  the  tube. 

The  use  of  a  steel  breech-piece  secures  all  the  necessary  strength,  in 
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providing-  for  the  reception  and  working  of  a  practical  and  tboronglily 
digested  and  tested  system  of  breecb  mechanism,  and  also  essentially 
and  materially  adds  by  its  extension  into  the  body  of  the  cast  iron — 
euvel-oping  the  wrought-iron  tnbe  beyond  the  space  of  dangerons  press- 
ures—to the  tangential  strength  of  the  system.  The  cast-iron  body 
playing  a  secondary  part,  as  its  inferior  strength  demands,  finds  its  in- 
terior surfaces  so  placed  or  distanced  witli  reference  to  the  strains  devel- 
oped at  and  along  the  bore  as  to  be  far  within  their  capacities  for 
endurance,  and  its  thickness  of  walls  gives  all  the  necessary  additional 
strength  required  to  complete  the  system  of  construction,  save,  perhaps, 
the  reinforce  afforded  by  the  steel  band  at  the  seat  of  the  charge. 

The  utilization  of  cast  iron,  it  is  believed,  will  materially  diminish  the 
expense  of  breech-loading  cannon  of  heavy  calibers,  using  the  round- 
wedge  fermeture,  now  so  costly  in  their  fabrication,  and  will  enable  us 
to  secure,  and  within  the  mechanical  resources  of  our  own  country,  de- 
sirable and  necessary  breech-loading  armaments  of  all  desirable  calibers, 
for  our  sea-coast  defenses,  at  moderate  outlays,  and  having  all  the  essen- 
tial features  of  durability  and  strength  found  in  the  more  expensive 
system  of  the  same  kind  now  used  by  most  of  the  principal  (continental) 
powers  of  Europe.  » 

A  full  and  special  description  of  the  gun,  as  actually  made,  will  be 
found  embodied  below  in  this  report. 

DESCRIPTION. 

Plate  XLIII,  Fig.  2. — C  is  the  cast  iron  casing,  which  consists  of  a  10- 
inch  Kodman  smooth-bore  gun,  cut  oft'  at  the  breech  to  a  length  of  123.25 
inches,  and  bored  up  to  the  requisite  diameters  to  receive  the  tube  A 
with  its  jacket  B,  which  is  inserted  at  the  breech. 

The  tube  is  made  of  coiled  wrought  iron,  and  is  of  equal  length  with 
the  casing.  It  is  re-enforced  at  the  breech  end  for  a  distance  of  40  inches 
by  a  steel  jacket,  which  is  united  with  it  by  shrinkage.  The  breech  of 
the  jacket  is  prolonged  24  inches  to  the  rear  of  the  casing  and  tube,  and 
is  fitted  for  the  reception  of  the  mechanism  of  the  breech -fermeture. 

The  united  tube  and  jacket  are  inserted  in  the  casing  with  a  shrink- 
age O.OOO  inch  over  the  jacket,  while  the  tube  in  front  has  a  play  of 
about  the  same  amount.  They  are  held  in  position  by  the  thread  a  a 
and  the  muzzle-collar  also  the  shoulders  c  c.  The  breech  of  the  casings 
is  re  enforced  by  the  steel  breech-band  D,  which  is  put  on  under  a 
shrinkage  of  0.03  inch,  and  secured  by  the  pin  h. 

The  breech  mechanism  works  in  a  slot  cut  in  the  x)rolongation  of  the 
steel  jacket  to  the  rear  of  the  casing  and  tube,  and  is  in  all  its  essential 
features  the  same  as  that  used  in  the  Krupp  breech-loading  guns  of 
heavy  caliber. 

The  steel  breech-block  E  is  constructed  on  the  sliding-wedge  system, 
and  is  cylindro-i^rismatic  in  form.  The  front  face  of  the  block  is  per- 
pendicular to  the  axis  of  the  bore,  whde  the  rear  or  cylindrical  portion 
is  inclined  1°  15'.  The  movement  is  regulated  by  the  two  guides  g  g  in 
the  slot,  which  work  in  corresponding  grooves  in  the  block,  and  are 
constructed  parallel  to  the  axis  of  its  cylindrical  portion. 

The  front  of  the  block  is  hollowed  out  for  the  reception  of  a  hardened 
disk  c,  called  the  obturator-plate.  This  plate,  when  the  breech  is  closed, 
abuts  against  the  gas-check//,  which  consists  of  a  Broadwell  ring  in- 
serted in  a  recess  at  the  rear  of  the  tube. 

Plate  XLIV. — The  breech-block  is  fitted  to  receive  the  difterent  pieces 
of  mechaiii.im  required  for  working  it.    These  consist  of  the  locking- 
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])l;ito  ((,  tlio  tnnislatiii^-sci'cw  and  tlie  l()ckin<:;-sciv \v  r,  willi  its  nut  d, 
Tlio  l()('kiii^-l)lato  is  attacluMl  by  screws  to  tlio  left  side  of  the  breecli- 
hloek.  The  tianslatiii.i»-sei'ew  is  h)eated  in  ii  h)nf>itndinal  ^^roove  in  the 
iipi)er  surface  of  th(^  bh)ck,  aiul  is  secured  in  position  by  bearin<»s  at  each 
end.  It  works  in  the  half  nut  c,  which  is  attached  to  the  breech-receiver 
by  a  screw. 

The  locking-screw  and  its  nut  are  located  in  a  cylindrical  recess  at  the 
rear  of  the  block,  and  next  to  the  locking-jdjite.  The  neck  of  the  screw 
passes  through  and  turns  in  a  hole  in  the  locking-plate,  and  the  0])posite 
end  in  a  recess  in  the  breech-block.  The  nut  is  made  about  one  half  an 
inch  shorter  than  the  recess,  which  allows  it  a  motion  of  translation 
along  the  screw  for  that  distance.  At  the  end  of  the  nut  next  to  the 
locking-i)late  is  attached  a  stud,  which  limits  its  lotary  motion  with  the 
screw  to  one-third  of  a  turn.  On  the  interior  surface  of  I  he  nut  are  four 
rings  or  circular  threads;  tlie  one  next  to  the  locking-plate  is  complete^ 
while  the  others  are  partially  sheared  oft'.  When  the  breech  is  nearly 
closed  the  sheared  threads  lock  into  the  indentations////  //,  and  the  com- 
plete one  enters  the  recess/.  In  withdrawing  the  block  the  sheared 
portion  of  the  nut  is  brongiit  to  the  rear. 

The  two  screws  are  woAed  in  turn  by  the  lever-wrench  C. 

To  close  the  breech  the' wrench  is  placed  upon  the  head  of  the  trans- 
lating-screw,  and  the  block  run  until  the  uncut  thread  of  the  locking- 
nut  comes  to  a  bearing  in  its  recess  and  brings  the  movement  to  a  stop^ 
The  wrench  is  then  shifted  to  the  locking  screw  ;  for  one-third  of  a  turn 
the  screw  and  nut  turn  together,  and  the  partially  sheared  threads  of 
the  nut  lock  into  their  corresponding  recesses  on  the  breech-receiver^ 
The  movement  of  the  nut  is  then  stopped  by  its  stud,  while  the  move- 
ment of  the  screw  continues,  and  bringing  the  threads  of  the  nut  to  a- 
firm  bearing  on  the  faces  of  their  recesses  on  the  breech-receiver,  forces 
the  block  into  the  slot  until  it  is  firmly  wedged,  and  the  breech  thus 
fully  closed. 

To  open  the  breech  the  locking-screw  is  turned  in  the  opposite  direc- 
tion, and  by  carrying  the  nut  with  it  for  one-third  of  a  turn  the  unlock- 
ing is  eftected.  The  nut  is  brought  to  a  stop  by  the  stud  as  before,  the 
uncut  thread  comes  to  a  bearing  against  the  face  of  its  recess,  and  the 
block  is  drawn  out  until  the  nut  is  reached  by  the  end  of  the  screw^ 
The  remainder  of  the  movement  is  then  eftected  by  the  translating- screw. 

The  outward  movement  of  the  block  is  limited  by  the  chain  h  (Plate 
XLIII,  Fig.  3). 

Plate  XLII  shows  side  elevation  of  gun  (breech  closed  ready  for 
firing)  and  plan  of  gun  (breech  open  ready  for  loading). 

RIFLING,  CHAMBERING,  AND  VENTING. 

The  gun  is  rifled  with  fifteen  lauds  and  grooves,  each  of  equal  width. 
The  lands  are  connected  with  the  chamber  by  a  bevel  1.5  inches  in 
length. 

lucb. 

Depth  of  lilling   0.075 

Width  of  lauds  and  grooves   0.  83776 

Twist  uniform,  one  turn  in  40  feet. 

The  Chamber  is  .22  inches  in  length,  and  equal  in  diameter  to  the  bore 
across  the  grooves.  It  has  a  capacity  for  a  maximum  charge  of  35 
pounds  of  powder. 

The  vent  is  located  in  the  breech-block,  in  such  a  position  as  to  be  in 
the  axis  of  the  bore  when  the  breech  is  closed. 
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FABRICATION. 


The  work  of  conversion  was  performed  at  the  South  Boston  foundry. 
The  gun  selected  for  the  casing  was  a  10-inch  liodinan  srnooth-bore  gun, 
No.  11,  made  at  the  same  foundry,  and  inspected  and  ]rroved  in  1SG4. 

The  density  and  tenacity  of  the  metal  were  as  follows : 


The  wrougiit-iron  tube  was  manufactured  at  the  West  Point  foundry, 
from  Ulster  tube  iron,  4  by  3.35  inches.  It  was  made  in  four  sections, 
which  were  butt-welded  together  by  the  process  usually  employed  at 
that  foundry,  then  bored  to  8  inches,  turned  to  an  exterior  diameter 
slightly  in  excess  of  that  required,  and  subjected  to  a  water  test  of  120 
pounds  to  the  square  inch. 

Specimens  of  the  iron^used  were  tested  with  the  following  results : 

Density   7.  6550 

Tenacity  pounds . .    48,  010 

The  jacket,  breech-block,  and  breech-band  were  manufactured  at  the 
works  of  Sir  Joseph  AYhitworth  &  Co.,  at  Manchester,  England,  and  are 
made  of  "fluid  compressed  steel." 

This  metal  is  subjected,  while  in  a  liquid  state,  to  a  heavy  pressure, 
for  the  purpose  of  expelling  air-bubbles,  and  is  afterwards  reheated  and 
hammered  to  secure  uniformity  and  regularity  of  structure.  Thorough 
tests  of  the  physical  properties  of  this  metal  were  made  from  specimens 
supplied  from  Whit  worth's  works,  together  with  others  taken  from  the 
jacket. 

To  prepare  the  casing  for  the  reception  of  the  tube  and  jacket,  it  was 
bored  up  to  11  inches,  recessed  for  the  muzzle-collar,  and  cut  off  at  the 
breech  to  the  required  length.  It  was  then  counter-bored  from  the  breech 
to  the  following  diameters,  viz :  For  56  inches  to  12 inches;  for  40  inches 
to  16  inches ;  for  18  inches  to  16.825  inches;  for  13.5 inches  to  20  inches ; 
for  3.5  inches  to  22  inches. 

The  end  of  each  counter-bore  was  rounded  off  to  form  a  suitable 
shouldei',  and  a  thread  for  the  jacket,  0.4  inch  depth,  was  cut  upon  the 
16-inch  diameter.  The  exterior  was  then  turned  down  at  the  breech  for 
putting  on  the  steel  breech -band. 

The  interior  of  the  jacket  was  bored  up  to  the  required  diameters, 
and  the  slot  for  the  breech  mecjianism  drilled  out  and  finished  by  boring 
and  planing.  The  tube  meanwhile  was  chambered,  rifled,  recessed  for 
the  gas-check,  and  the  exterior  turned  down  at  the  breech  end  to  an 
average  diameter  of  0.003  inch  in  excess  of  that  of  the  interior  of  the 
jacket.  The  jacket  and  tube  were  then  shrunk  together  by  heating  up 
the  jacket  until  the  interior  was  sufficiently  exi^anded  to  receive  the 
tube,  which  was  lowered  in  by  means  of  a  crane. 

The  exterior  of  the  jacketed  tube  was  next  turned  down  to  the  diam- 
eter given  in  table  ^^o.  2. 

In  order  to  provide  for  the  longitudinal  expansion  of  the  casing,  which 
would  take  place  in  heating  it  up  for  the  insertion  of  the  jacketed  tube, 
the  shoulders  upon  the  jacket  were  finished  so  as  to  allow  a  clearance 
large  enough  to  obviate  any  danger  of  contact  with  the  casing  before  a 
bearing  was  effected  at  the  shoulder  on  the  wrought-iron  tube.  The 
screw-thread  was  turned  with  a  clearance  of  0.02  inch  on  the  outer  sur- 
face, and  0.12  inch  on  the  surface  opposite  the  one  of  contact  with  the 
casing. 


Density  . 
Tenacity 


  7. 245 

pounds..  34,359 
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I  [Tlic  breocli-block,  witli  tlie  attadnnciits,  was  linislicMl  in  the  mean 
time,  and  fitted  into  (lie  slot  i)rei)ared  lor  its  rec^eption. 

Tlie  breeeh-band  was  bored,  tnrned,  and  made  rc^ady  for  slirinkinj^-  on 
to  tlic  casing'. 

INSERTION  OF  THE  Tl  IJE,  ETC. 

The  easing,  Jaeketed  tube,  and  breeeli-band,  l)ein<>'  ready  for  uniting 
by  shrinkage,  one  of  the  i)its  used  in  tlie  ea;'ting  of  lieavy  guns  was 
arranged  for  lieating  the  easing  by  i)hu'ing  four  furna(ics,  witli  a  ea[)ac- 
ity  of  about  400  pounds  of  eoal  each,  at  equal  intervals  around  the 
wall.  These  furnaces  rested  on  cast-iron  pillars,  which  raised  them 
about  four  feet  from  the  bottom. 

Two  Hues  were  i)rovi(led  for  furnishing  air  to  the  furnaces,  one  on 
either  side  of  the  ])it,  with  branches  at  the  l)ottom  so  that  the  air  could 
be  delivwed  directly  under  tlie  furnace-grates,  while  near  the  toj)  of  the 
pit  an  oi)ening  was  made  and  connected  w  itli  a  chimney  and  a  damper 
inserted  in  the  opening,  b}"  means  of  which  the  draught  could  be  regu- 
lated. 

To  form  a  support  for  the  casing,  two  sections  of  gun-flask  w  ere  placed 
one  above  the  other  in  the  center  of  the  i)it,  and  the  upper  one  covered 
with  a  thick  cast-iron  jdate;  upon  this  plate  a  hollow  cast-iron  cylinder 
of  suitable  dimensions  was  placed  to  form  a  rest  for  the  muzzle  of  the 
casing.  The  casing  was  placed  breech  upward  in  the  pit,  the  muzzle 
resting  on  the  cylinder,  and  was  securely  braced  at  the  trunnions. 

In  this  position,  the  breech  of  the  casing  was  almost  flush  with  the 
top  of  the  pit,  which  was  covered  w  ith  a  large  plate  of  boiler  iron.  In 
the  center  of  this  plate  was  a  circular  hole  for  the  insertion  of  the  tube. 

A  moderate  Are  was  kindled  in  the  furnaces  about  48  hours  before 
the  contemplated  time  of  insertion,  for  the  purpose  of  drying  the  pit, 
which  had  become  quite  damp  from  long  disuse.  About  40  hours  after 
kindling,  the  fires  were  replenished  to  the  full  capacity  of  the  furnaces. 

The  jacketed  tube,  meanwhile,  was  prepared  for  insertion.  Water 
caps  were  fitted  into  both  ends  of  the  w^rought-iron  tube.  The  one  in- 
serted at  the  breach  was  provided  with  inlet  and  outlet  pii)es  for  attach- 
ing hose,  for  the  i)urpose  of  turning  on  a  current  of  cold  water  in  case 
that  a  withdraw^al  should  become  necessary.  A  cast-iron  "spider"  or 
ring  with  handspike  sockets  on  the  exterior,  was  secured  to  the  breech 
of  the  jacket,  for  screwing  it  into  the  casing. 

The  temperature  of  the  casing  was  tcdvcn  at  various  intervals,  and  the 
diameter  of  its  bore  measured.  About  half  an  hour  before  the  insertion 
was  attempted  the  temperature  was  found  to  be  633°,  while  the  maxi- 
mum diameter  of  the  bore  had  increased  from  22.005  inches  to  22.09 
inches.  The  length  of  the  casing  from  the  breech  to  the  forward  shoul- 
der in  the  bore  w  as  found  at  the  same  time  to  have  increased  from  55.98 
inches  to  56.22  inches. 

The  diametrical  expansion  of  the  casing  now  being  considered  suffi- 
cient to  effect  the  insertion  of  the  tube,  the  latter,  filled  with  cold  water, 
was  lowered  by  a  crane  into  the  bore  of  the  casing  until  the  threads 
came  in  contact.  Ilandsiukes  were  then  placed  in  the  sockets  of  tiie 
"spider,"  and  the  tube  rapidly  screwed  home.  The  entire  operation  of 
insertion  was  accomplished  without  difilculty,  and  occui)ied  only  eight 
minutes. 

The  covers  were  now  removed  from  the  ])it,  the  fires  in  the  furnaces 
extinguished,  and  a  stream  of  wafeer  was  turned  upon  the  gun  to  hasten 
the  cooling.  When  it  had  retui  iied  to  nearly  its  normal  temperature 
the  breech-band  was  inclosed  in  a  sheet-iron  cylinder  and  heated  by  a 
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wood  fire  until  its  diameter  liad  increased  abont  O.OG  inch.  It  was  then 
raised  with  a  crane  by  means  of  hooks,  which  clasped  its  forward  end, 
swnng'  ronnd  nnlil  directly  over  the  !L>:nn,  and  lowered  to  its  place  npon 
the  breech  of  the  casing.  It  was  then  cooled  by  a  stream  of  water,  and 
a  hole  was  bored  for  the  securin,ii-pin,  Avhich  was  inserted  in  its  place. 

The  gnn  was  then  removed  from  the  pit,  the  mnzzle-collar  was  fitted 
and  screwed  home,  and  the  mnzzle  faced  and  finished  in  a  lathe. 

This  snbstantially  completed  the  fabrication  of  the  gnn. 

PRINCIPAL  DIMENSIONS. 


Total  lt'i)<;tli  of  gim  inches..  147.25 

Length  of  cast-iron  casing  do   123.  25- 

Length  of  wionght-iion  tnho  do   123.25 

Length  of  steel  jacket  do   64 

Length  of  breech  band  do   15 

Exterior  diameter  of  l)reech-baud: 

Maximniu  do   35.70 

Miniiuum  do   35.  05 

Interior  diameter  of  breech-baud  do   30.  97 

Exterior  diameter  of  casing  nuder  breech-band  do   30.  99 

Length  of  neck  of  tube    do   5.  50 

Length  of  muzzle-collar   do  .  5.50 

Diameter  of  neck  of  tube  do   9.94 

Interior  diameter  for  muzzle-collar  do   9.  948 

Length  of  recess  for  mnzzle-collar  do   6 

Diameter  of  recess  for  mnzzle-collar  do   11.  765 

Diameter  of  muzzle-collar  across  threads  do   11.  755 

Length  of  ritled  portion  of  bore,  including  bevel  do   101.25 

Length  of  chamber    do   22 

Diameter  of  bore  across  lands  do   8.  00 

Diameter  of  chamber  do   8. 15 

Width  of  lands  do. . . .  0.  83776? 

Width  of  grooves  do  ... .  0.  83776 

Depth  of  rifling  do   0.  075 

Twist  of  rifling,  one  turn  in  feet..  40 

Length  of  breech-block  inches . .  23, 5 

Width  of  breech-block  do   10 

Thickness  through  center  do   13.5 

Width  of  slot  for  breech-block  do   10.  05 

Length  of  translating  screw  do   25.  5 

Diameter  of  translating  screw  across  threads  do   1.  5 

Length  of  locking  screw   do   10.  7 

Diameter  across  threads  do   2.  75 

Length  of  locking  nut  do   5.  75 

Diameter  across  uncut  thread  do   5.75- 

Weight  of  gun   pounds..  17,075 

Preponderance  do ... .  420 


THE  3.5-INCH  BRONZE  RIFLED  FIELD  GUN,  DEAN'S  PATENT. 

(Plates  XLV,  XL VI,  XL VII,  XLVIII.) 

This  gnn  is  constrncted  on  the  plan  of  the  3.5-inch  Kodman  mnzzle- 
loadmg  rille,  model  1870.  It  is  without  preponderance.  Its  length  and 
weight  are  very  nearly  the  same  as  those  of  the  light  12-ponnder,  and 
it  is  adapted  to  the  same  carriage.  The  main  peculiarity  in  its  con- 
struction consists  in  the  application  of  Mr.  Dean's  patent  process  for 
condensing  and  hardening  the  metal  of  the  bore. 

FABRICATION. 

The  gun  was  cast  in  a  cast-iron  flask  or  "  chill "  about  3|  inches  thick^ 
the  interior  surface  being  covered  with  a  slight  coating  of  clay  and 
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sand.  It  was  I'ouihI  necessary  to  make  two  (^astiii<;s,  as  tlie  first  one 
proved  detective.  The  metal  used,  consisted  of  threes  old  bronze 
<)-l>ounders,  furnished  by  the  Ordnance  J)ei)artment,  and  a  i)art  of  a 
bronze  lli-ponnder  on  hand  at  the  foundry.  At  the  second  castinj^',  the 
metal  of  the  rejected  ])ie(5e  was  returned  to  the  furnace,  with  the  excep- 
tion of  a  section  reserved  for  tests  ;  and  another  ])art  of  the  12-i)ounder 
was  added  to  sn])i)ly  the  deliciency.  The  weight  of  the  char^^e  of  metal 
was  o,3()4  ])onnds  •,  the  time  of  meltin<;-,  one  hour  and  lifty  minutes  ;  and 
time  of  fusion,  one  hour  and  ten  minutes.  The  <:;;un  was  I'emoved  from 
the  llask  18  hours  after  casting-,  and  when  thorou<^hly  (tooled,  placed  in 
the  lathe  and  the  sinkin<i-hea(l  cut  oft'.  It  was  next  bored  out  in  a  boring- 
machine  to  a  diameter  of  3.o7  inches. 

To  condense  the  metal  of  the  bore,  the  gun  w^as  inclosed  in  the  iron 
tlask  in  which  it  was  cast,  and  placed  in  the  condensing  machine  and 
tirmly  secured  by  lieavy  ii'on  rods.  Six  mandrels,  varying  in  diameter 
from  3.42  inches  to  3.50  inches,  were  used  in  the  operations.  These,  by 
means  of  a  hydraulic  press  of  lO-inch  bore,  were,  in  the  order  of  their 
size,  successively  forced  down  the  bore  of  the  piece  and  withdrawn ; 
and  the  o])eration  was  repeated  until  the  most  of  the  resilience  of 
the  metal  had  been  overcome  and  the  bore  enlarged  to  very  nearly  3.50 
inches  in  diameter.  The  pressures  used  varied  from  500  to  2,400  pounds 
per  square  inch,  making  a  total  pressure  of  from  19^  to  94  tons. 

After  condensing  the  bore,  the  gun  was  removed  to  the  rifling  ma- 
chine and  rifled,  the  grooves  being  planed  out  to  a  little  less  than  the 
required  depth.  It  w  as  then  put  back  in  tlie  condensing  machine,  and 
the  bore  still  further  enlarged  by  means  of  an  expanding  mandrel  so 
constructed  as  to  follow  the  opposite  lands  and  grooves. 

On  account  of  a  slight  error  in  the  wadth  of  the  rifling  tool,  the  grooves 
were  left  too  narrow^  for  the  rib  of  the  mandrel,  and  consequently  the 
•edges  of  the  lands  were  slightly  abraded  in  the  operation.  A  little 
grinding  with  fine  emery  removed  much  of  the  rough  edge  left  upon  the 
lands,  but  did  not  wholly  restore  the  smoothness  desired. 

In  this  connection,  it  should  be  stated  that  the  condensing  x>rocess 
was  only  applied  to  the  cylindrical  portion  of  the  bore,  and  consequently 
the  metal  at  the  bottom  was  left  in  its  ordinary  condition. 

The  gun  was  next  turned  down  in  lathes  to  its  prescribed  exterior  di- 
mensions, and  a  copjjer  vent-piece  inserted. 

TESTS. 


Two  specimens,  one  from  the  outside  and  one  from  near  the  center, 
wwe  taken  from  the  sinking-head  next  to  the  muzzle,  and  tested  for  tena- 
city and  density,  with  the  following  results  : 


Tenacity. 

Density. 

48,  230 
34,  706 

8.  6663 
8.  5651 

To  test  the  effect  of  the  condensing  process  ui)on  the  physical  proper- 
ties of  the  metal  a  section  taken  from  the  first  casting  was  bored  out 
and  condensed  in  the  same  manner  as  the  bore  of  the  gun.  A  ring  was 
then  cut  ofl'  and  turned  down  to  0.133  inch  in  thickness,  and  tested  for 
density.  For  hardness,  two  specimens  were  tested,  one  taken  from  the 
hardened  bore,  and  one  from  the  outside.  A  specimen  for  tenacity, 
taken  from  the  hardened  portion,  was  also  tested. 
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The  following"  results  were  obtained : 


Density  of  ring  

Hardness  of  unliardened  specimen 
Hardness  of  condensed  specimen  . 
Tenacity  of  condensed  specimen  . 


8.  7065 
1.  4049 
5. 1158 
51,571 


The  comparisons  for  harduesss  are  with  wrought  copper  as  1.  An 
inside  specimen,  uncondeused,  from  the  same  block,  gave  the  following^ 
results : 


The  bore  should  be  thoroughly  cleaned,  as  it  is  not  possible  to  detect 
small  defects,  which  may  sometimes  be  of  imj)ortance,  if  the  bore  be  in 
a  rusty  or  veiy  greasy  state.  If  care  has  been  previously  taken  in  keep- 
ing a  gun  tolerably  clean,  it  will  probably  be  sufficiently  prepared  for 
examination  by  washing,  brushing,  and  drying  with  tow,  or  a  clean 
sponge-head.  If,  however,  there  be  hard  rust  which  will  not  yield,  or 
a  thick  coating  of  lacquer  or  grease,  the  bore  may  be  cleaned  either  by 
firing,  if  circumstances  admit,  one  or  two  scaling  charges,  about  one- 
third  the  full  service  charge,  without  projectiles,  which  will  usually 
loosen  the  scale,  or  hy  the  use  of  hot  water  and  potash,  in  the  following- 
manner  :  About  a  gallon  of  boiling  Avater  is  poured  on  one  i^ound  of 
black  American  potash,  and  an  old  sponge  covered  with  a  canvas  cai>, 
or  some  substitute,  to  make  it  tight  to  the  bore,  is  dipped  into  the  solu- 
tion. The  bore  is  then  rubbed  till  the  dirt  is  loose,  when  the  hard 
brush  will  remove  it ;  it  is  then  wiped  dry  with  tow,  &c.,  and  slightly 
oiled.  The  potash  water  must  be  used  very  hot,  and  the  sponge  must 
be  very  tight,  or  the  process  is  ineffectual.  No  sharp-edged  or  pointed, 
scrapers  should  be  employed  for  cleaning  the  bores  of  rifled  guns ;  they 
are  unnecessary  and  liable  to  injure  the  rifling. 

The  bore  being  thus  cleaned  should  be  examined  by  aid  of  the  re- 
flected sun-rays  from  a  mirror,  or  in  cloudy  weather  by  lam^)  or  candle; 
if  the  surface  is  slightly  wet,  the  detection  of  defects  by  this  means  is 
greatly  facilitated. 

The  extent  and  i^osition  of  any  flaw  is  determined  by  interior  impres- 
sions taken  with  gutta-percha  or  other  suitable  plastic  substance. 

The  importance  of  a  defect  depends,  in  a  great  measure,  on  its  position 
in  the  gun ;  one  in  the  rear  of  the  trunnions,  and  still  more  in  the  j)Owder 
chamber,  being  more  dangerous  than  one  of  the  same  nature  and  extent 
in  front  of  the  trunnions,  as  the  powder  gas  acts  much  more  rapidly 
upon  it,  and  it  is  liable  moreover  in  muzzle-loading  guns  to  hold  a  jnece 
of  ignited  serge. 

In  case  of  doubt  as  to  serviceability  of  a  gun  exhibiting  defects,  an 
impression  should  be  taken,  a  few  rounds  fired,  and  a  new  impression 
taken;  if  on  comparing  the  impressions  no  development  of  the  defect  is^ 
observed,  the  gun  may  be  considered  serviceable. 

The  effect  of  service  on  a  vent  is  seen  cither  by  a  gradual  increase  to- 
the  channel  of  the  vent  itself,  by  an  irregular  wearing  away  of  the  bottom 
by  the  metal  of  the  vent  setting  up  and  the  gas  forming  a  hollow  ring 
around  it,  or  by  fissures  or  hair  lines  radiating  into  the  metal  of  the 
bore  from  the  edge  of  the  vent  bushing,  the  extent  of  which  can  be  de 
termined  by  an  impression;  if  an  enlargement  to  .5  inch  on  the  interior 
is  shown  or  the  exterior  enlargement  to  .25  inch  is  observed,  the  gun 
should  be  re-vented.    In  case  of  decided  erosion  along  the  junction  o 


Density  . 
Tenacity 


  8.3512 

pounds..  35,810 
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the  v(Mit  piece  and  wall  of  the  ^uii,  exceeding  one-tenth  of  an  inch  in 
depth  or  width,  the  hnshin*;-  shonld  be  removed  and  n  larj^er  one  sub- 
stituted or  the  vent  aperture  should  be  solidly  closed  and  the  gun  re- 
vented  in  a  new  place. 

PRKSKRVATION   OF  RIFLED  liREECII-LOADINO  GUNS. 

The  bores  of  such  guns  a  ill  in  future  be  lacquered  with  black-lead 
lacquer,  composed  of — 


Black,  lamp,  drv 
Oil,  lijKsoed,  raw. 


The  breech  screw  and  bright  parts  about  the  guns  will  be  coated  with 
a  composition  of  tallow,  3  parts ;  oil,  lard,  1  part;  lead,  white,  about  one 
pound  to  a  gallon ;  the  parts  which  can  be  removed  being  laid  ui>  in 
store.  Muzzle  aiul  breech  plugs  will  therefore  be  no  longer  required  for 
these  guns. 

The  lacquer  above  described  can  be  removed  in  a  few  minutes  by  brush- 
ing the  bore  with  hot  potash  solution.* 

SKIDDING  OF  ORDNANCE. 

Cannon  should  be  placed  together,  according  to  kind  and  calibers,  on? 
skids  of  stone,  iron,  or  wood.  Permanent  skids,  made  by  building  small 
square  pillars  of  brick,  about  18  inches  high,  with  old  railroad  rails  laid 
on  top  of  them,  end  to  end,  are  best  and  cheapest.  The  ground  selected 
should  be  hard,  well  rammed,  and  covered  with  a  layer  of  cinders  or 
other  suitable  material  to  prevent  vegetation. 

Guns  and  long  howitzers. — The  pieces  should  rest  on  the  skids  in  front 
of  the  base  ring  and  in  rear  of  the  muzzle;  the  axis  inclined  at  an  angle 
of  4  or  5  degrees  with  the  horizon,  the  muzzle  lowest ;  the  trunnions 
touching  each  other;  or,  if  space  be  wanting  for  that  arrangement,  the 
trunnion  of  one  piece  may  rest  on  the  adjoining  piece  so  that  the  axis  of 
the  trunnions  is  inclined  about  45°  with  a  horizontal  line,  the  muzzle 
closed  with  a  tompion  or  a  plug  of  dry  wood  well  saturated  with  oil  or 
grease ;  the  vent  down,  stopped  with  a  greased  wooden  plug  or  with 
putty  or  tallow.  If  circumstances  require  it,  the  pieces  may  be  piled  in 
two  tiers,  with  skidding  j^laced  between  them,  exactly  over  those  which 
rest  on  the  ground,  the  muzzles  of  both  tiers  in  the  same  direction  and 
their  axes  preserving  the  same  inclination. 

Short  howitzers  and  mortar^. — On  thick  planks  or  good  flagging,  stand- 
ing on  their  muzzles;  the  trunnions  touching;  the  vents  stopped. 

Iron  ordnance  should  be  covered  on  the  exterior  with  a  lacquer  imper- 
vious to  water ;  the  bore  and  the  vent  should  be  greased  with  a  mixture 
of  oil  and  tallotv,  or  of  tallow  and  heesivax  melted  together  and  boiled  to 
expel  the  water.  The  lacquer  should  be  renewed  as  often  as  required, 
and  the  grease  at  least  once  every  year.  The  lacquer  and  grease  should 
be  applied  in  hot  weather.  The  cannon  should  be  frequently  inspected^ 
to  see  that  moisture  does  not  collect  in  the  bore. 

*  Extracted  fiom  English  text-book  on  rifled  ordnance, 
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MECHANICAL  TESTS. 

The  testing  machine*  affords  the  means  of  relatively  determining  those 
properties  of  metals  on  wbicli  the  endnrance  of  gnns  is  believed  mainly 
to  depend. 

As  yet,  however,  no  standard  of  properties  has  been  determined,  nor 
is  it  believed  to  be  practicable  to  fix  such  standard  excejit  by  connect- 
ing the  mechanical  tests  of  a  metal  with  the  endnrance  under  the  pow- 
der-i)roof  of  the  guns  made  fiom  it. 

.  The  Rodman  testing  machine. — This  instrument  is  used  to  determine 
the  capacity"  of  any  metal  to  resist  a  tensile^  transverse^  torsional,  or  crush- 
ing force.  It  is  also  used  to  obtain  the  indenting  force,  and  an  internal 
force  can  be  applied  for  bursting  hollow  cylinders. 

Power  exerted. — By  a  combination  of  levers  and  cog-wheels,  the  action 
of  the  power  employed  is  greatly  augmented  and  transmitted  to  the 
specimen  under  trial.  The  ji  achine  consists  essentiallv  of  a  systein  of 
three  levers,  A  C,  A'  C,  and  A'^  C"  (Plate  XLIX). 

The  i^osition  of  the  fulcrum  in  each  of  these  cases  is  denoted  by 
and  F'^,  respectively.    The  power  is  applied  at  P,  and  the  position  of 
.the  weights  is  denoted  by  W.    The  levers  are  connected  by  rigid  rods. 

The  mechanical  advantage  of  the  levers  A  C  is  10  to  1;  that  of  A' 
€'  is  20  to  1,  and  that  of  A''  Q"  is  10  to  1. 

We  have,  therefore,  by  the  formula  for  compound  levers, 

W     10     20  10 

p  =  ^  X  ^  X  ^  =  2000 

Explanation  of  the  Rodman  machine. — The  middle  lever,  so  called  be- 
cause it  is  intermediate  between  the  other  two,  is  the  upper  lever  A^ 
F'  (Plate  XLIX).  All  its  bearing  knife-edge  pivots  are  in  the  same  hori- 
zontal plane.  Its  fulcrum,  F^,  is  supported  by  an  interior  frame  which 
is  attached  to  the  screw  D,  above  it.  The  knife-edge  A'  connecting  by 
means  of  a  long  vertical  rod  A'  C,  with  the  small  lever  A  F,  is  97  inches 
from  the  fulcrum,  F',  and  the  knife-edge  C  connecting,  by  means  of  a 
strap  A'^  C,  with  the  main  lever  A"  F^',  is  four  inches  and  eighty-five 
hundredths  from  the  fulcrum  F^,  making  a  proportion  between  the  two 
arms  of  the  lever  as  20  to  1. 

The  main  lever.,  A^'  F'',  is  the  one  which  acts  directly  upon  the  speci- 
men under  trial,  and  is  acted,  upon  by  the  middle  lever  through  a  long 
iron  strap  A"  which  connects  them.  All  its  knife-edges  are  in  the 
same  plane.  Its  fulcrum,  F'',  is  supported  by  a  pair  of  heavy  iron  stanch- 
ions, B  B,  fitted  to  the  bed-piece,  E  E.  The  knife-edge  A",  which  is 
linked  with  the  middle  lever,  is  90  inches  from  the  fulcrum,  F^',  and  the 
knife-edge  C'^  which  acts  upon  the  specimen  under  trial,  is  nine  inches 
from  the  fulcrum  F^',  making  the  i^ower  of  this  lever  as  10  to  1. 

The  small  lever  A  F,  is  the  one  to  which  the  weights  are  attached. 
All  its  bearing  knife-edge  pivots  are  in  the  same  plane.  Its  fulcrum,  F, 
is  supported  by  the  lower  end  of  the  guide  G  G',  attached  to  the  main 
lever  stanchions.  The  knife-edge  C,  connecting  with  the  middle  lever, 
Is  two  and  twenty-five  hundredths  inches  from  the  fulcrum  F,  and  the 
knife-edge  A,  to  which  the  weights  are  attached,  is  22.5  inches  from  the 
fulcrum  F,  making  the  power  of  this  lever  as  10  to  1. 

The  combination  of  levers. — A  combination  of  the  small  lever  with  the 
middle  lever  gives  a  proportion  of  200  to  1 )  and.  a  combination  of  all 

*  Reports  of  Exijeriments,  &c.,  by  Officer  of  the  Ordnance  Dex)artmeut,  Cooke's 
Naval  Ordnance  and  Gunnery. 
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tliive  of  the  lever  gives  *i  pi()i)orti()n  ol"  liOOO  to  1.  A  weigiit  of  one 
pound,  tlieielbre,  ai)plie(l  to  tlie  platforms  of  the  suspending  rod  1\  on 
the  same  lever,  exerts  a  force  of  200  pounds  on  the  straps  A''  con- 
neeting  with  the  main  lever,  and  of  i)ounds  at  where  the  strain 
acts  upon  the  sam])le. 

Cupaciiy  of  flic  machine. — The  weights  used  are  of  two  denominations, 
viz,  half-pounds  and  five  ])Ounds,  representing  respectively  1,000  and 
10,000  pounds.  Smaller  increments  of  strain  than  1,000  pounds  are 
noted  on  the  small  lever,  which  is  provided  with  a  sliding  weight,  and 
graduated  from  zero  to  ten,  each  number  representing  an  additional 
hundred  jmunds. 

Of  the  tirst  denomination  there  are  ten  weights,  representing  a  strain 
of  10,000  pounds,  and  of  the  second  there  are  nine  weights,  represent- 
ing a  strain  of  90,000  pounds. 

The  aggregate  strains  of  all  the  weights,  or  the  capacity  of  the  ma- 
chine, being  100,000  pounds. 

The  cog-ivheel  gearmg. — The  large  vertical  frame  E  H  at  one  end  of  the 
machine  (Plate  XLIX)  supports  the  cog-wheel  gearing,  which  is  set  in 
motion  by  a  crank. 

To  the  heavy  main  lever  stanchions  B  B  a  guide,  G  0,  is  attached, 
through  the  upi)er  end  of  which,  the  small  end  of  the  middle  lever 
passes.  This  guide  ascends  and  descends  evenly  with  the  screw  D  and 
the  fulcrum  of  the  lever,  by  means  of  a  rack  and  pinion,  Jj"  h",  at 
each  end  of  the  revolving  rod  L.  A  mortise  through  the  guide  receives 
the  lever  and  allows  it  a  free  motion  to  a  limited  extent. 

The  lever  is  thus  maintained  in  a  position  always  nearly  horizontal, 
while  it  remains  free  to  oscillate  on  its  fulcrum  in  either  direction,  as  the 
strain  or  the  weights  may  preponderate.  The  supports  of  the  small 
lever  are  attached  to  the  guide  G-  G',  so  that  it  ascends  or  descends  with 
the  middle  lever. 

MiiltipUcation  of  ijoicer, — Fifty  turns  of  the  hand  crank  I  give  one 
turn  to  the  horizontal  wheel  M,  at  the  top  of  the  frame  E. 

A  screw  nut  is  cut  in  the  axis  of  this  wheel,  through  which  the  verti- 
cal screw  D  passes.  This  wheel,  when  turned,  elevates  or  depresses 
the  screw  and  sets  in  motion  all  the  movable  parts  of  the  machine. 

Two  turns  of  the  horizontal  wheel  move  the  vertical  screw  one  inch, 
and  this  requires  one  hundred  turns  of  the  hand  crank,  and  gives  one- 
tenth  ot  an  inch  of  motion  to  the  knife-edge  of  the  main  lever,  where 
the  strain  on  the  sample  is  exerted. 

The  crank  to  which  the  power  is  first  communicated  moves  a  distance 
of  72  inches  at  each  turn  and  7,200  inches  for  each  tenth  of  an  inch  of 
motion  at  the  straining  point  of  the  machine  j  such  a  great  power  is 
needed  only  when  heavy  strains  are  exerted. 

When  beginning  a  strain,  or  when  lowering  down  the  levers,  the  small 
pinion  O  on  the  crank  shaft  is  thrown  out  of  gear  by  lifting  the  latch 
K  and  shifting  the  shaft,  thus  bringing  into  action  the  large  pinion  E, 
which  change  of  gearing  gives  a  velocity  nine  times  as  great  to  all  the 
movable  parts  of  the  machine,  but  the  force  exerted  will  be  only  one- 
ninth  as  great  as  before. 

The  torsion  lever  works  between  Wo  heavy  i)illow  blocks,  B',  fitted 
on  the  bed-frame  E,  and  within  these  pillow  blocks  the  journals  of  the 
torsion  lever  revolve.  Its  axle  has  a  cylindrical  aperture  concentric 
with  its  axis.  This  lever  is  set  in  motion  by  a  chain,  S,  which  connects 
directly  with  the  middle  lever  through  the  strap  S'. 

Pedestals  for  transverse  strains. — Two  hollow  movable  pedestals,  T  T, 
are  attached  to  the  bed-frame  E,  fitted  with  steel  knife-edges,  which 
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serve  as  points  of  support  for  the  test  bars.  Horizontal  braces  secure 
the  stability  of  the  framework  of  the  machine. 

WorUng  the  machine, — Adjustments:  All  the  working  knife-edges, 
and  the  seats  on  which  they  bear,  are  made  of  hardened  cast  steel ;  the 
other  principal  parts  of  cast  iron. 

Before  beginning  a  test  it  is  necessary  to  see  that  all  the  knife-edges 
are  properly  adjusted,  and  that  the  vertical  screw  through  the  horizon- 
tal wheel  on  the  top  of  the  machine  is  run  down  its  full  length,  to  obtain 
all  its  scope. 

To  adjust  the  equilibrium,  there  is  a  small  horizontal  rod,  R',  with  a 
weight  working  upon  it,  which  is  attached  to  the  upper  end  of  the  slide, 
GoG',  supporting  the  small  lever. 

Before  the  s]>ecimen  is  secured  in  its  place  the  machine  must  be  accu- 
rately balanced  by  moving  the  weiglit,  W,  of  the  adjusting  rod,  either 
in  or  out,  as  it  may  require.  The  final  and  accurate  adjustment  is  made 
with  the  small  brass  weight,  W^',  attached  to  the  end  of  the  small  lever. 

The  sample  holders^  in  all  forms  of  strains,  excepting  that  of  torsion,  are 
attached  at  one  end  to  a  stirrup,  C'^,  on  the  main  lever,  and  at  the  other, 
to  the  bed-frame.  To  apply  the  strain  to  the  specimen  the  hand-crank, 
I,  is  turned  with  regularity  in  the  direction  which  raises  the  screw  and 
sets  in  motion  all  the  movable  i:)arts  of  the  instrument. 

The  slide  on  the  small  lever,  S'^,  is  moved  gradually,  just  keeping  its 
equipoise ;  as  the  strain  is  increased  weights  are  supplied  at  P,  in  such 
manner  as  will  keep  the  lever  evenly  balanced,  so  that  the  force  applied 
at  the  instant  of  breaking  may  be  accurately  determined  by  counting 
the  weights  then  on  the  platforms. 

Tensile  strain. — After  the  density  of  a  specimen  has  been  ascertained, 
and  before  it  is  inserted  in  the  holders,  its  smallest  diameter  is  accu- 
rately measured  and  recorded.  This  is  done  by  sliding-calipers,  an  in- 
strument provided  with  a  vernier,  which  measures  hundredths  of  an 
inch,  and  thousandths  of  an  inch  may  be  readily  determined  by  a  prac- 
ticed eye. 

The  specimen  is  now  fitted  between  the  holders  used  for  the  puri)Ose, 
one  of  which  is  attached  to  the  shackle  hung  on  the  stirrup  of  the  main 
lever ;  the  screw,  (J,  connecting  with  the  bed-frame,  is  then  run  up  by 
the  handles,  H',  underneath,  until  the  specimen  can  be  caught  between 
the  holders  that  fit  on  its  upper  end. 

After  the  sample  is  secured  between  the  holders  the  screw  is  run  down 
until  a  sufficient  strain  is  obtained  to  keep  them  in  place.  Then  \)vo- 
ceed  with  the  test. 

The  breaking  weight  is  divided  by  the  area  of  the  smallest  diameter 
of  the  specimen,  and  the  quotient  gives  the  tenacity,  or  the  strength  per 
square  inch.  That  is,  let  a  represent  the  breaking  weight,  h  the  area, 
and  X  the  tenacity  per  square  inch — 

h:  1  square  inch  =  a:  x 

The  following  table  contains  the  area  and  the  logarithms  for  all  the 
variations  of  diameter  likely  to  occur  in  tensile  samples. 

Transverse  strain. — For  determining  the  transverse  strength  of  metals 
a  specimen  bar  is  taken,  2  or  3  feet  long,  and  about  2  inches  square.  It 
is  prepared  for  the  test  with  a  slight  dressing  with  the  file  or  grind- 
stone on  one  of  its  faces  near  each  end,  in  order  that  the  bar  may  bear 
more  evenly  against  the  supports  when  under  the  strain.  The  middle 
of  the  bar — the  part  where  the  fracture  occurs — is  dressed  in  like  man- 
ner on  each  of  its  four  faces,  in  order  that  its  breadth  and  depth  in  this 
part  may  be  accurately  measured. 
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To  place  the  bar. — Kun  serow,  U,  down  nearly  level  with  the  bed- 
frame,  ont  of  the  way;  slide  tlie  pedestals  to  the  ])ro|)er  distance  on 
either  side,  to  aeeomniodate  the  length  of  tlie  si)eeinien.  Suspend  the 
\o\\^  link,  H  (Plate  XLIX),  from  the  same  shaekle  used  in  tlie  tensile 
strain,  and  pass  the  bar  through  the  i)edestals  and  the  long  link,  so 
that  it  rests  in  the  middle  of  its  length  on  the  knife-edge  in  the  bottom 
of  the  link.  Tlio  latter  is  then  drawn  upward  until  the  ends  of  the  bar 
bear  iirmly  against  the  knife-edge  supports  in  the  ])edestals,  which 
must  be  at  e(pial  distances  from  tlie  link. 

The  deflection. — Tlie  breaking  force  is  ai)plied  on  the  under  side  of  the 
bar,  in  the  middle,  and  forces  it  upwards  against  the  supports  at  the 
ends.  The  deflection  is  measured  by  inserting  a  graduated,  tapered 
metallic  scale  between  the  upper  surface  of  the  bed-frame  and  the  under 
side  of  tlie  bar-holder,  directly  beneath  the  forcing-line  of  the  latter, 
against  the  center  of  the  bar.  The  space  enlarges  as  the  bar  bends, 
and  the  graduated  wedge  measures  minutely  the  deflection  of  the  bar  at 
any  stage  of  its  progress. 

A  record  is  kept  of  the  "  deflection  "  and  sct^  which  shows  the  quantity 
of  deflection  and  permanent  set  under  a  given  i)ressure,  which  is  designed 
to  be  near  to,  but  somewhat  less  than,  the  minimum  breaking  Aveight. 
Also  of  the  "  last  deflection,"  which  gives  the  amount  of  deflection  under 
the  pressure  of  the  breaking  weight. 

The  unit  of  strength  represents  the  weight  in  pounds  required  to  break 
a  bar  1  inch  square,  rigidly  supported  at  one  end ;  the  weight  being  ap- 
plied at  a  distance  of  1  inch  from  the  point  of  sui)port.  For  square  bars 
it  is  determined  by  the  formula — 


I  =  the  length  between  the  supports. 
AV  =  the  breaking  weight. 
1)  =  the  breadth  of  the  bar. 
d  =  the  depth  of  the  bar. 

The  breadth  and  depth  are  accurately  measured  near  the  fracture ; 
and,  as  the  dimensions  are  irregular,  it  is  proper  to  measure  in  three 
places  for  each ;  one  measure  to  be  taken  in  the  middle  of  the  bar,  and 
the  other  two  near  the  corners.  The  mean  of  the  three  measures  to  be 
taken  as  the  true  dimension.  If  the  bar  is  defective,  the  results  cannot, 
of  course,  be  relied  on. 

Torsional  strain, — For  determining  the  torsional  strain,  or  the  weight 
required  to  break  by  twisting,  a  specimen  bar  is  used,  which  is  long 
enough  to  project  beyond  the  journals  of  the  torsion  lever,  and  receive 
the  indices,  e',  which  are  attached  to  its  ends,  a.  The  i)arts  against 
which  the  holding-keys,  K',  are  pressed  are  made  square.  All  the  other 
parts  are  round. 

The  parts  between  the  keys  are  dressed  to  a  true  cylinder,  the  length 
of  which  should  not  be  less  than  three  diameters.  This  length  is  neces- 
sary to  allow  a  full  development  of  the  fracture  to  occur  within  the 
dressed  part  of  the  specimen.  The  distance  between  the  keys  is  nine- 
teen inches. 

To  place  the  specimen. — The  bar  passes  through  the  axle  of  the  torsion- 
lever.  One  end  is  held  firmly  to  the  pillow-block  of  the  bed-frame,  and 
the  other  to  the  journal  of  the  torsion-lever,  L',  by  means  of  keys,  K'. 
The  axis  of  the  bar  is  made  to  coincide  with  the  axis  of  the  torsion-lever, 
by  passing  its  ends  through  concentric  rings,  r,  inserted  in  recesses 
provided  for  the  purpose,  before  the  keys  are  fixed  in  their  places.  In- 
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dices,  e',  are  attached  to  the  projectiug  ends  of  the  bar  and  adjusted  to 
the  zero  of  the  arc  beneath,  before  the  strain  is  commenced. 

The  diameter  of  the  specimen  is  carefully  measured  before  it  is  se- 
cured in  the  journal.  Bring  the  keys  up  on  the  bottom,  until  the  bar 
rests  firmly  ui)on  them,  then  key  up  from  the  top  to  keep  it  firmly  in  its 
place.  Connect  the  chain  on  the  torsion-lever  to  the  straj)  communicat- 
ing with  the  middle  lever,  and  i^roceed  with  the  test. 

When  a  bar  is  in  the  machine  for  torsion,  the  lever,  L',  is  placed  at  its 
low^est  point ;  but  sometimes  the  screw,  D,  ascends  to  its  highest  limit 
before  the  bar  breaks.  When  this  happens  the  lever  is  propped  up,  the 
chain  is  detached  and  shortened  by  removing  its  upper  link  ;  then,  on 
its  being  again  attached,  the  work  is  resumed  and  the  strain  extended 
until  the  bar  breaks. 

RecordiiKj  the  strain. — In  torsional  strains  the  main  lever  of  the  testing- 
machine  is  inoperative.  The  recorded  breaking  w^eight  then  is  only  two 
hundred  times  greater  than  the  actual  weights  on  the  i^latforms,  which 
is  equal  to  one-tenth  of  the  usual  reading  in  other  tests.  But  as  the 
torsion  lever  is  30  inches  long  from  its  axis  to  the  point  where  the  cen- 
ter of  the  chain  acts  upon  it,  the  weight,  as  above  ascertained,  is  multi- 
l)lied  by  30,  and  the  product  represents  the  strain  exerted  at  a  point  1 
inch  from  the  axis  of  the  strained  bar.  In  i)ractice,  it  is  found  more 
convenient  to  read  otf  the  weights  for  torsion  in  the  same  manner  as  in 
other  tests,  and  to  multiply  that  reading  by  three. 

Tlie  deflection. — Although  one  end  of  the  bar  is  firmly  fixed  it  will 
yield  a  little  by  its  compression  on  the  keys,  and  therefore  its  angular 
deflection  is  determined  by  the  difference  between  the  reading  on  the 
arcs. 

The  deflection  of  the  bar  is  noted  at  each  addition  of  a  certain  number 
of  pounds  of  pressure;  and  at  each  addition  of,  say,  500  or  1,000  pounds, 
the  bar  is  released  from  strain  and  the  permanent  set  ascertained.  The 
greatest  angle  of  deflection  and  the  breaking  weight  are  also  recorded. 

The  torsional  strength  is — 


in  which 

W=  breaking  weight. 
r  =  radius  of  torsion  lever. 
d  =  diameter  of  si)ecimen. 

Crushing  force. — The  samples  submitted  to  the  test  of  compression  are 
small  cylinders,  the  lengths  of  which  are  generally  two  and  a  half  times 
their  diameters.  Bars  of  greater  length  than  these  diameters  are  liable 
to  bend  under  the  pressure  before  the  fracture  occurs }  and,  if  the  lengths 
be  less  than  two  diameters,  the  fracture  in  its  regular  form  may  not  be 
fully  developed,  and  a  portion  of  the  sample  may  be  pulverized  or  re- 
duced to  small  grains.  The  ends  of  each  sample  are  made  perfectly 
parallel  and  perpendicular  to  the  axis,  so  that  all  parts  of  the  sample 
will  be  equally  pressed. 

Flacing  the  specimen. — Plate  XLIX  shows  the  form  of  the  stirrup  used 
in  holding  the  instrument  for  crushing^  hur sting ^  and  indenti^ig  samples 
when  the  straining  force  is  applied.  S  is  a  stirrup,  attached  at  its  upper 
end  to  the  straining  stirrup  C  on  the  main  lever;  and  E  is  attached  to 
the  bed-frame  by  means  of  the  screw  IJ.  Y  is  a  block  of  iron,  upon 
which  the  sample  may  rest.  The  samples  or  the  instrument  for  holding 
them  are  inserted  in  the  space  T. 
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Ueeoi'dbuj  the  eonijtression. — Tlic  diinensious  of  tlie  sanii)lo  are  carC; 
fully  measured  bofore  placing'  it.    The  depression  or  |>erinaueiit  set  at 
every  5,000  pounds,  for  instance,  are  then  carefully  noted.    The  hreak- 
Avei^ht  is  recorded,  as  well  as  the  angle  of  fracture  of  the  specimen. 
The  strength  per  scpiare  incii  Avill  be — 

«  ^weight^ 
area 

Indenting  force. — The  comparative  softness  or  hardness  of  metal  is 
determined  by  the  bulk  of  the  cavities  or  indentations  made  by  equal 
pressure;  the  softness  being  as  the  bulk  directly,  and  the  hardness  as 
the  bulk  inversely. 

Indenting  tool. — Of  the  different  forms  of  cavity  made  by  indenting 
tools  that  of  the  pyramid  is  preferred,  because  of  its  simplicity  and  the 
ease  with  which  its  volume  may  be  computed. 

The  indenting  part  of  the  tool  is  in  the  form  of  a  pyramid,  having  a 
rhombus  for  its  base,  the  diagonals  of  which  are,  respectively,  one  inch 
and  two-tenths  of  an  inch,  the  height  of  the  i^yramid  one-tenth  of  an 
inch. 

In  late  experiments  the  form  of  the  pyramid  has  been  changed  and 
improved  somewhat  by  cansiug  it  to  make  a  longer  line  and  mark 
niinnte  differences  more  accurately. 

Standard  of  comparison. — The  volume  of  an  indentation  made  with 
this  tool  is  taken  as  the  meaanre  of  the  work  required  to  produce  it,  and 
is  inversely  proportional  to  the  hardness  of  the  specimen,  that  is  (de- 
noting b3^  H  the  hardness  of  any  specimen) 

H=i  (1). 

Jc  denoting  any  convenient  constant  and  v  the  volume  of  the  indenta- 
tion corresponding  to  H. 

It  has  been  found  by  experiment  that  a  pressure  of  10,000  pounds  on 
the  base  of  the  pyramid  makes  an  indentation  in  the  softest  metals  used 
in  guns  about  nine-tenths  of  an  inch  long. 

The  maximum  indentation,  one  inch  in  length,  of  the  instrument  is 
therefore  assumed  as  the  unit  of  hardness;  therefore  denoting  by  Y  the 
volume  corresponding  to  an  indentation  one  inch  in  length,  we  obtain 
from  equation  (1) 

l=-JorK  =  V; 

and,  in  general, 

H=^; 

or,  i:>utting  I  =  the  number  of  tenths  of  an  inch  in  the  length  of  any  given 
indentation, 

TT         V         1000  . 

since  pyramids  are  to  each  other  as  the  cubes  of  any  similar  dimensions. 

A  pressure  of  less  than  10,000  will  probably  be  found  better  suited 
to  the  purpose  with  the  improved  tools.  A  better  standard  of  compari- 
son may  be  found  in  some  metal  of  uniform  density  and  hardness,  easily 
obtainable  in  all  places. 

The  silver  coin  of  the  country  best  fulfils  these  conditions.  The  vol- 
ume of  the  cavity  made  in  this,  by  the  adopted  unit  of  pressure,  may 
be  assumed  as  the  unit  of  hardness  5  and  this  divided  by  the  volume  of 
the  cavity  in  any  sample  tested  will  denote  the  hardness  of  that  sample 
as  compared  with  that  of  silver  coin.* 


*  Rodman. 
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Errors  of  the  Rodman  machine. — The  errors  incidental  to  the  use  of 
this  machine  are  due  to  three  causes : 
1st.  Weight  of  its  different  movable  parts. 

2d.  Motion  of  the  centers  of  gravity  of  the  levers  towards  or  from 
their  fulcrums. 
3d.  Friction. 

The  first  cause  of  error  is  avoided  in  practice  by  means  of  the  adjust- 
ing weights  already  described. 

The  system  is  brought  into  i3erfect  equilibrium,  so  that  any  increase 
of  W  will  be  balanced  by  a  i)roportionate  increase  of  P. 

The  second  cause  of  error  is  comi)aratively  unimportant,  because  the 
levers  A  0  and  A'  C  are  so  adjusted  as  never  to  make  a  large  angle 
with  a  horizontal  line  passing  through  the  fulcrum,  and  in  the  case  of 
the  lever  A^'  C^',  which  makes  a  larger  angle,  the  shape  is  such  as  to 
bring  the  center  of  gravitj^  very  near  the  center  of  motion. 

Let  D  denote  the  distance  through  which  the  center  of  gravity  moves ; 
a  denote  the  distance  of  the  center  of  gravity  from  the  center  of  mo- 
tion L  denote  the  angle  described  by  the  lever  during  the  breaking  of 
a  specimeu. 

In  general  the  levers  are  so  adjusted  that  the  line  connecting  the  cen- 
ters of  gravity  and  of  motion  is  horizontal  when  the  movement  of  the 
lever  is  half  comi)leted. 

,  • ,  D  =  a  versine  J  L. 

It  is  evident  that  one  or  both  of  these  factors  is  very  small  in  each 
case. 

The  third  cause  of  error  is  made  as  small  as  possible  by  the  use  of 
knife-edges  and  steel-plates,  and  is  practically  inconsiderable. 

The  determination  of  the  absolute  breaking  and  other  strains  involve 
the  elimination  of  errors  due  to  friction,  &c.,  but  for  obtaining  the  com- 
parative strength  of  specimens,  the  machine  is  all  that  can  be  desired. 

MEASURING  INSTRUMENTS  USED  WITH  TESTING  MACHINE. 

(Plate  L.) 
Sliding  calipers. 

For  outside  diameters. — This  instrument  is  used  for  measuring  the 
specimens  of  metal  to  be  tested.  Its  sliding  scale  is  divided  into 
twentieths  of  an  inch.  A  vernier  is  attached  containing  fifty  divisions, 
which  cover  forty-nine  divisions  on  the  sliding  scale,  and  it  reads  thou- 
sandths of  an  inch.  It  will  measure  any  space  not  exceeding  two  and 
a  half  inches,  giving  the  result  to  the  nearest  one-thousandths  of  an 
inch.  The  accuracy  of  its  adjustment  may  be  readily  verified  by  press- 
ing the  points  together  gently,  and  noting  whether  the  zero  points  coin- 
cide. If  from  the  wearing  of  the  steel  points,  or  from  other  cause,  the 
adjustment  should  become  incorrect,  it  may  be  readjusted  by  turning 
the  screw  which  forms  one  of  the  i^oints. 

For  outside  and  inside  diameters. — In  this  instrument  the  vernier  is 
on  the  slide,  which  is  moved  along  the  scale.  An  attachment,  for  com- 
municating slow  motion  to  the  slide  is  also  added.  The  scale  is  divided 
into  fortieths  of  an  inch.  The  vernier  contains  twenty-five  divisions, 
which  cover  twenty-four  divisions  on  the  scale,  and  reads  thousandths 
of  an  inch.  The  extent  of  the  scale  which  can  be  used  by  the  vernier, 
including  the  clamp,  is  6  inches.  In  measuring  an  inside  diameter  it 
is  necessary  to  add  0.2  inch  to  the  reading  of  the  instrument  for  the 
thickness  of  the  measuring  points. 
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For  the  meamrcment  of  the  extension  or  compression  of  a  specimen  ivhile 
under  stress^  also  the  permanent  set  tohen  relieved  from  stress^  the  fol- 
lowing' instruinciits  Jire  us(mI  :  (Pbito  LI.)  This  instriiinent  consists  of 
ii  ])air  of  glass  slides,  whicli  a.re  connected  with  the  specimen  by  (collars 
in  the  maimer  shown.  One  of  the  glass  slides  is  gradnated  to  thou- 
sandths of  an  inch,  and  the  other  to  hundredths  of  an  inch.  A  micro- 
scope using  11  one-inch  objection  is  employed  in  reading  these  scales, 
and  by  means  of  it  the  scale  of  thousandths  may  be  readily  subdivided 
into  ten  thousandths  of  an  inch  by  the  eye  alone.  The  microscope  is 
supported  by  an  adjustable  arm  attached  to  one  of  the  posts  of  the 
testing  nuichine,  or  to  a  post  expressly  provided  for  this  purpose,  and 
detached  from  tlie  machine. 

2d.  The  vernier  gauge.  (riateLI.) — This  instrument  is  shnilar  in  prin- 
ciple of  construction  to  tlie  microscopic  gauge,  except  that  the  glass 
slides  are  replaced  by  a  steel  scale  and  a  vernier.  The  former  is  divided 
into  fortieths  of  an  inch,  and  by  means  of  the  vernier  thousandths  of  an 
inch  can  be  read.  The  microscopic  gauge  is  used  until  the  elastic  limit 
of  the  specimen  is  reached,  after  that  the  vernier  gauge  is  employed. 
These  gauges  can  be  adjusted  to  any  length  of  specimen  beyond  2 J 
inches  by  means  of  additional  sections  of  the  rod. 

In  measuring  the  deflections  of  specimens  under  a  bending  stress  the 
gauge  is  attached  to  the  straining  stirrup  and  to  the  bed  of  the  machine. 

Taper -rule.  ( Plate  LI.) — This  instrument  consists  of  a  graduated  steel 
wedge ;  the  inclination  of  the  wedge  being  O'^Ol  in  one  inch.  The  grad- 
uation of  the  scale  is  in  hundredths  of  an  inch,  so  that  each  division 
actually  represents  an  increment  or  decrement  of  0.001  of  an  inch.  A 
coarser  graduation  is  sometimes  employed,  and  the  further  subdividing 
performed  by  means  of  a  vernier.  In  using  this  rule  the  space  between 
the  shoulders  of  the  specimen  is  inclosed  by  a  tube,  excepting  a  space 
eight-tenths  of  an  inch  in  width  which  is  left  between  the  top  of  the  tube 
and  the  upper  shoulder  for  the  insertion  of  the  rule.  The  tube  is  put  on 
in  halves,  and  held  in  position  by  bands.  Where  a  vernier  is  used  it  is 
attached  to  the  toj)  of  the  tube,  otherwise  an  index  mark  is  made  on  the 
tube  to  serve  as  a  zero  for  the  scale.  This  method  of  measurement  is 
more  laborious  and  less  reliable  than  with  the  self-indicating  microscopic 
and  vernier  gauges  described  above. 

On  Plate  it  is  shown  the  new  form  of  specimen  holder  now  employed 
with  the  testing-machine  ;  and  Plate  LI,  the  nut  which  is  screwed  into 
the  specimen  to  form  the  head.  This  form  of  head  causes  a  saving  in 
the  expense  of  preparing  the  specimen  for  test,  and  is  quite  as  satisfac- 
tory otherwise  as  the  solid  turned  head. 

.  THE  DENSIMETER  OR  BALANCE  FOR  THE  DETERMINATION  OF  THE 
SPECIFIC  GRAVITIES  OF  METALS. 

This  instrument  is  simply  a  form  of  the  hydrostatic  balance,  and  may 
be  employed  as  a  substitute  for  the  hydrometer  when  a  more  expedi- 
tious process  is  desired. 

DESCRIPION  OF  THE  INSTKUMEXT. 

(Plate  LII.)  The  instrument  consists  of  a  delicate  beam-scale.  A, 
having  suspended  from  one  extremity  of  the  beam  a  brass  basket,  B, 
perforated  with  holes.  Underneath  the  basket  and  supi^orted  in  a  stir- 
ru}),  D,  suspended  from  the  toj)  of  the  case,  is  a  glass  jar,  0,  to  contain 
water  for  the  immersion  of  the  basket  and  specimen.  A  mark  is 
scratched  upon  the  jar  near  the  top,  and  this  mark  indicates  the  height 
at  which  the  water  should,  after  the  immersion  of  the  basket,  always 
stand  previous  to  an  experiment.    The  immersion  of  the  specimen  causes 
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the  water  to  rise  above  this  mark,  immersing  an  additional  x)ortion  of 
the  suspension-rod  of  the  basket,  and  the  latter  loses,  in  consequence,  a 
slight  portion  ot  its  weight  in  reference  to  the  beam.  A  correction ,  there- 
fore, becomes  necessary  to  compensate  for  this  apparent  loss  in  weight. 
To  determine  this  correction,  the  suspension -rod  is  graduated  in  the  fol- 
lowing manner :  The  beam  having  been  thrown  into  action,  and  the 
immersed  basket  balanced  by  weights  in  the  pan  attached  to  the  oppo- 
site arm,  a  mark  is  made  upon  the  rod  where  it  is  intersected  by  the  sur- 
face of  the  water.  The  height  of  the  water  in  the  jar  is  then  raised  till  as 
much  more  of  the  rod  is  immersed  as  is  likely  to  occur  in  practice.  An- 
other mark  is  then  made  where  the  rod  is  now  intersected  by  the  water, 
and  the  loss  of  weight  in  the  basket  ascertained. 

The  loss  in  weight,  for  the  maximum  immersion  of  the  rod,  amounts  to 
only  one-tenth  of  a  grain,  while  the  corresponding  length  of  rod  is  nearly 
one  inch  ;  the  space  between  the  marks,  therefore,  may  be  readily  sub- 
divided into  tenths,  and  the  necessary  corrections  can  thus  be  read  off 
the  rod  in  actual  weight  to  the  nearest  tenth  of  a  grain. 

Practically,  the  graduation  of  the  rod  is  more  readily  and  accurately 
determined,  by  a  calculation  based  upon  the  known  weight  and  length 
of  the  rod,  and  the  specific  gravity  of  the  material  of  which  it  is  made. 

By  using  simply  a  thread  in  place  of  the  basket,  the  above  correction 
might  be  neglected  but  the  greater  convenience  offered  by  the  latter  has 
led  to  its  final  adoption.  The  basket  is  perforated  with  holes  to  facili- 
tate immersion,  and  is,  as  well  as  the  suspension-rod,  gilt  electro-plated 
to  preserve  it  from  tarnishing.  A  thermometer  is  suspended  from  the 
upper  edge  of  the  jar,  as  shown  in  the  plate. 

The  balance  is  capable  of  bearing  a  charge  up  to  42,000  grains,  and 
when  so  loaded,  is  sensitive  to  one-fourth  of  a  grain. 

Process  of  talcing  the  specific  gravity  with  the  balance. 

The  process,  with  this  instrument,  of  taking  the  specific  gravity  of  a 
specimen  of  metal  naturally  suggests  itself.  The  jar  being  filled  with 
water  to  the  fixed  mark,  and  the  basket  suspended  therein,  the  beam  is 
thrown  into  action,  and  the  weight  of  the  immersed  basket  ascertained 
by  means  of  weights  placed  in  the  opposite  scale-pan.  This  weight 
being  noted  for  different  temperatures,  can  be  tabulated  and  thus  be- 
come a  known  element  for  all  calculations  of  the  specific  gravitj'.  The 
specimen  of  metal  is  then  placed  in  the  pan  underneath  the  jar,  and 
weights  added  to  the  other  pan  till  the  balance  of  the  beam  is  restored. 
The  sum  of  these  weights  is  the  weight  of  the  specimen  in  air,  plus  the 
weight  of  the  basket  in  water.  The  specimen  is  now  transferred  from 
the  pan  to  the  basket,  and  replaced  by  weights  in  the  pan  underneath 
the  jar,  till  the  balance  is  again  restored.  The  sum  of  these  latter 
weights  is  the  weight  of  the  volume  of  water  displaced  by  the  specimen, 
plus  the  weight  lost  in  the  basket,  due  to  the  immersion  of  an  addi- 
tional portion  of  the  suspension-rod.  The  loss  in  weight  is  read  off  the 
rod,  in  tenths  of  a  grain,  and  is  to  be  substracted  from  the  weights  in 
the  pan  underneath. 

Denote  the  weight  of  the  basket  in  water,  as  first  determined,  by  a  ; 
the  same  weight  of  basket,  plus  the  weight  of  the  specimen  in  air,  by 
1)  ;  the  weight  requisite  to  restore  the  equipoise  after  immersion  of  the 
specimen  by  c  ;  the  loss  of  weight  in  the  basket  by  d  ;  and  the  correc- 
tion for  temperature  by  t.  Then  designating  by  D  the  specific  gravity 
of  the  metal  tested  : 
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tliat  is,  the  specific  g'ravity  is  e(iual  to  tlie  wei^^ht  of  the  specimen  divided 
by  the  weight  of  an  0(iual  vol  nine  of  water,  at  the  standard  tempera- 
ture. 

Form  of  record  of  computation. 


AVoiglits. 

Logarithms  corresponding  to — 

Specimen. 

Basket  balance  in 
a 

Specimen  balance 
in  air. 

Specimen  balance 
in  water, 
c 

Loss  in  weight  of 
basket. 
d 

Temperature  of 
water. 

(b-a) 
e 

(c  -  d) 
f 

Weight  of  water 
at  observed  tem- 
perature. 
h 

(e  +  h-f) 

Density. 

Steel  

820.5 

7139. 

805.3 

0.  30 

53. 

.■3.  800G140 

2. 9057959 

.  0001775 

. 8949956 

7.  8523 

The  results  obtained  Avitli  this  instrument  difier  from  those  obtained 
with  the  hydrometer  only  by  about  one  point  in  the  third  place  of  deci- 
mals. It  is  important  in  immersing  the  basket  or  the  specimen  that  no 
air  bubbles  be  allowed  to  form  around  them,  as  the  results  would  thereby 
be  materially  affected. 

HYDROMETER. 

Plate  LIII  exhibits  the  form  of  the  instrument  used  in  determining 
the  specific  gravity  of  metals.  It  is  constructed  on  the  principle  of 
Nicholson's  hydrometer ;  the  bulb  is  7.5  inches  diameter  and  8  inches 
high,  made  of  copper,  in  one  piece,  without  seam.  The  copper  is  .03 
thick,  and  is  deposited  on  a  mold,  of  low  fusible  metal,  by  the  electro- 
galvanic  process.  A  handle  of  brass  wire,  with  broad  flanges  at  the 
ends,  is  inserted  in  the  upper  part  of  the  mold,  and  a  cone  of  brass  is 
inserted  in  the  bottom  of  the  mold,  before  the  copper  is  deposited,  the 
copper  covering  and  uniting  with  both.  The  brass  cone  is  bored  through 
its  axis,  and  screw  threads  are  cut  in  it.  After  the  bulb  is  formed,  the 
fusible  mold  is  melted,  and  withdrawn  through  the  aperture  in  the  brass 
cone.  The  aperture  is  then  closed  by  a  small  screw,  and  made  air  tight 
by  close  fitting,  and  by  sealing-wax  spread  over  it.  A  solid  stem  of 
brass  is  then  screwed  into  the  bottom  of  the  bulb.  A  vertical  index 
stem,  made  of  steel,  is  inserted  in  the  upper  part  of  the  handle.  The 
upper  end  of  the  stem  receives  the  weight  pan,  which  is  supported 
in  its  place  by  a  conical  socket  on  its  under  side.  The  height  of  the 
hydrometer,  from  the  bottom  of  the  ball  to  the  weight  pan,  is  21  inches. 
All  of  the  exterior  surface  is  protected  by  electro-gilding. 

The  weight  of  the  bulb,  including  the  handle  and  brass  cone,  is  about 
15,850  grains ;  the  lower  stem  and  ball  weigh  about  20,320  grains,  and 
the  weight-pan  6G0  grains  j  making  the  total  weight  of  the  hydrometer 
about  36,830  grains.  Its  general  form,  and  the  distribution  of  the  metal 
within  it,  place  the  centers  of  gravity  and  buoyancy  so  far  apart  that 
it  readily  takes  a  vertical  position  when  immersed,  and  will  deviate  very 
little  from  it,  however  irregularly  it  may  be  loaded. 

The  maximum  buoyancy  of  the  hydrometer  is  14,600  grains,  and,  when 
loaded  to  zero,  it  displaces  51,430  grains  of  w^ater.  The  buoyancy  may 
be  reduced  one-half  by  increments  of  500  grains  each,  byx)lacing  one  or 
more  of  the  adjusting  weights  over  the  ball,  at  the  bottom  of  the  stem. 

Such  a  reduction  of  the  buoyancy  is  found  convenient  in  practice, 
when  weighing  small  samples,  as  it  prevents  the  necessity  for  x^lacing 
and  disi)lacing  numerous  weights  on  the  pan. 
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The  index  stem  is  .071  inch  diameter ;  a  length  of  1  inch  displaces 
one  grain  of  water.  Four  points  of  silver  wire,  made  thin  and  sloping 
at  the  ends,  are  attached  near  the  stem,  and  are  so  arranged  as  to  form 
a  scale  of  weights,  in  tenths  of  a  grain.  The  two  nearest  opposite 
points  are  one-tenth  of  an  inch  apart.  When  the  instrnment  rests  with 
one  of  these  points  above,  and  the  other  beneath  the  snrface  of  the 
water,  it  is  at  its  zero.  When  either  of  them  touches  or  is  even  with 
the  surface,  the  load  is  one-tenth  of  a  grain  too  heavy,  or  too  light,  and 
if  either  passes  through  the  surface,  the  error  is  then  two-tenths  of  a 
grain.  If  either  of  the  two  points  which  are  more  distant  from  the  zero 
touches  the  surface  of  the  water,  the  load  is  then  deficient,  or  in  excess, 
three-tenths  of  a  grain ;  and  if  the  heel  of  either  of  these  points  passes 
the  surface,  the  error  is  then  four-tenths  of  a  grain.  Careful  observa- 
tion of  the  position  of  these  points,  when  the  hydrometer  is  immersed 
and  at  rest,  will  serve  to  indicate  the  true  balance,  when  the  zero  mark 
may  be  above  or  below  the  surface  of  the  water,  within  a  given  limit. 
By  this  method,  the  inconvenience  and  delay  of  bringing  the  zero  to 
the  surface  of  the  water  by  the  decimal  parts  of  the  grain  weight  is 
avoided.  Plate  LIY  gives  the  form  and  the  dimensions  of  all  the 
weights  used  on  the  pan.  The  water  in  which  the  hydrometer  is  im- 
mersed is  contained  in  a  cistern  of  glass,  25  inches  deep,  and  not  less 
than  12  inches  diameter.  If  the  bottom  of  the  cistern  is  not  level  a  flat 
plate  should  be  i)laced  over  it  and  be  sui)ported  horizontally  on  three 
legs.  The  height  of  the  water  in .  the  cistern  should  be  such  that  when 
the  bottom  of  the  hydrometer  descends  to  the  plate  the  weight-x)an  shall 
be  one-quarter  inch  above  the  surface  of  the  water.  This  will  i^revent 
an  immersion  of  the  ijan  when  overloaded. 

The  weight-pan  is  attached  to  the  index  stem  by  an  open  socket,  on 
its  under  side,  in  order  that  it  may  be  removed  with  its  load  from  the 
hydrometer  and  placed  on  a  table  where  the  weights  may  be  more  safely 
and  accurately  counted.  As  the  weights  do  often  consist  of  many  pieces, 
errors  may  occur  in  counting,  or  in  the  record  of  them ;  it  is  a  good  pre- 
caution to  verify  them  by  a  recount  after  making  the  record. 

A  thermometer,  with  a  scale  of  about  5^  to  the  inch,  subdivided  in  quar- 
ters of  a  degree,  is  suspended  in  the  water  while  weighing  samples  and 
the  temperature  is  noted  at  each  weighing.  The  weighings  are  made 
at  temperatures  varying  with  the  state  of  the  weather  at  the  time,  and 
as  the  density  of  water  varies  with  its  temperature,  the  latter  is  noted 
in  order  that  the  proper  corrections  may  be  made.  The  unit  adopted 
is  distilled  water  at  the  temi)erature  of  60^  Fahr. 

The  hydrometer  may  be  emi)loyed  to  determine  the  relative  density 
of  distilled  and  any  other  kind  of  water.  The  weight  of  the  hydrometer, 
added  to  its  balance  weight  in  distilled  water,  at  the  temperature  of  60^, 
gives  the  weight  of  a  quantity  of  pure  standard  water  which  is  equal 
in  bulk  to  the  immersed  part  of  the  instrument.  The  weight  of  the 
hydrometer,  and  its  load,  when  immersed  in  like  manner  in  any  other 
kind  of  water  at  the  same  temperature,  gives  the  weight  of  an  equal 
bulk  of  the  latter ;  and  this  weight,  divided  by  the  former,  gives  the 
multiplier  for  correcting  the  density  when  ascertained  in  any  other  than 
pure  distilled  water. 

Rain  or  river  water  may  be  used  instead  of  distilled  water,  if  its 
relative  density  be  first  accurately  determined  and  the  proper  correction 
be  made.  At  the  foundries,  generally,  river  water  is  found  to  be  suffi- 
ciently pure  for  use  without  needing  any  correction. 

In  using  the  hydrometer,  first  load  the  pan  with  grain  weights  until 
the  instrument  rests  at  zero,  and  record  the  sum  of  these  weights  as  the 
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balance  of  the  hydrometer.  Next,  place  iu  tlie  tlie  sample,  togetlier 
with  ;is  iiijiny  weights  as  will  a^aiii  l)i  in<;"  the  iiistruiiHiiit  to  its  zero,  and 
record  these  weights  as  the  mmi)le  Ixdanee  in  air.  The  difte.rence  be- 
tween these  balances  is  e(nial  to  the  weight  of  the  sample  in  air.  Then 
place  the  sami)le  on  the  bnlb  of  the  instrnment  and  immerse  both  nntil 
the  hydrometer  again  rests  at  zero,  and  record  the  weights  on  the  i)an  as 
the  sample  balance  in  water.  The  difference  between  this  balance  and  that 
in  air  is  eqnal  to  the  weight  of  the  water  displaced  by  the  immersed  sam- 
ple. The  temperatnre  of  the  water  at  the  time  of  weighing  is  noted^ 
and  if  it  is  not  at  GO^  divide  the  weight  displaced  by  the  sample  by  that 
nnnd)er  in  the  following  table  which  is  opposite  the  noted  temperature, 
and  the  quotient  will  give  the  corrected  dis])lacement  for  the  temx)era- 
ture  of  G(P.  Then,  the  Aveight  of  the  sample  in  air,  divided  by  the  cor- 
rected displacement,  gives  the  density  of  the  sanii)le. 

The  hydrometer  may  be  employed  in  determining  the  varying  density 
of  the  same  water  at  different  degrees  of  temperature.  The  weight  of 
water  it  displaces  at  any  other  temperature  than  60 divided  by  its  dis- 
placement in  the  same  water  at  ()0o,  will  gi^^e  the  proportionate  weight 
of  water  displaced  by  the  same  instrument  at  other  temperatures. 

The  following  table  has  been  compiled  from  Mr.  Hassler's  Keport  on 
Weights  and  Measures,  made  to  Congress  in  1832.  He  ascertained  the 
weight  of  water  displaced  by  a  given  glass  bulb  at  1315  different  temper- 
atures, varying  from  32°  to  86°  Fahr.  The  weighings  were  made  from 
time  to  time,  at  whatever  temperature  the  changes  of  the  weather  gave 
at  the  moment..  As  the  results  obtained  in  this  form  were  not  conven- 
iently applicable  for  common  use,  they  have  been  reduced  to  equal  di- 
visions of  the  thermometrical  scale  for  each  quarter  of  a  degree.  The 
reductions  were  made  by  marking  on  a  large  mai)  the  points  determined 
by  Mr.  Hassler,  and  by  tracing  a  line  through  all  the  points,  and  then  by 
measuring  this  curved  line  at  divisions  corresponding  to  quarter  degrees. 

The  w^eights  given  in  the  table  do  not  represent  the  absolute  density 
of  water  at  different  tem])eratures,  but  only  the  proportionate  weights 
displaced  by  the  same  glass  bulb.  The  varying  bulk  of  the  latter  in 
different  temperatures  is  not  taken  into  account,  as  it  compensates  very 
nearly  for  the  varying  bulk  of  the  metals  weighed  in  corresponding- 
temperatures.  A  column  containing  the  logarithms  of  the  weights  is 
added  to  the  tables  for  convenience  in  making  the  computations. 


Form  of  record  of  computation. 


Specimens,  mate- 
rial, &c. 

Hydrometer  balance. 

Specimen  balance  in  air. 

Specimen  balance  in  water, 
c 

Temperature  of  water. 

Logarithms  corresponding  to — 

Density. 

a  —  h 
4 

c-b 

e 

Tempera- 
ture of 
water. 
/ 

d-^f—e 

Wrouglit  iron  

11004 

7378 

7850 

0 

62.5 

3. 5594278 

2.  6739420 

1. 999928 

0. 8854138 

7.  6810 
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Weight  of  distilled  water  displaced  hy  the  same  glass  halb  at  different  temperatures. 


"S 

i 

•i  wei 

u 
S 

'3 

3 

o 

o 
Si 

ature 

o 

o 

09 

s 

si 

iperature 

% 
o 

lllUS  u 

3 

a> 

s 

iS 

ft 

ft 

£> 

'o 

H 

l> 

o 
>A 

o 
H 

b. 
1> 

o 

H 

O 

32.  00 

1. 000395 

0. 0001706 

50.  25 

1. 000517 

68.  50 

0.  999297 

-1.  9996945 

32.  25 

1. 000406 

0.  0001764 

50.  50 

1. 000508 

0. 0002207 

68.  75 

0.  999273 

-1. 999684S 

32.  50 

1. 000420 

0. 0001825 

50.  75 

1.  000499 

0. 0002168 

69.  00 

0.  999249 

-1. 9996740 

32.  75 

1. 000433 

0. 0001880 

51.  00 

1. 000490 

0.  0002130 

69.  25 

0.  999226 

-1. 9996636 

33.  00 

1. 000444 

0. 0001928 

51.  25 

1.  000482 

0  00090Q1 

69.  50 

0.  999202 

-1. 9996532 

33.  25 

1.  0004.55 

0.  0001975 

51.  50 

1.  000472 

0  0009050 

69.  75 

0.  999178 

-1. 9996477 

33.  50 

1.  000467 

0. 0002028 

51.  75 

1. 000462 

0  0009007 

70.  00 

0.  999153 

-1.  9996320 

33.  75 

1. 000479 

0. 0002078 

52.  00 

1.  000452 

0.  0001961 

70.  25 

0. 999127 

-1. 9996208 

34.  00 

1.  000489 

0. 0002123 

52.  25 

1.  000441 

0. 0001915 

70.  50 

0.  999102 

-1. 9996098 

34.  25 

1. 000499 

0. 0002167 

52.  50 

1.  000430 

0  0001 86Q 

70.  75 

0.  999076 

-1. 9995985 

34.  50 

1. 000510 

0. 0002214 

52.  75 

1.  000419 

0  0001891 

71.  00 

0.  999050 

-1. 9995873 

34.  75 

1. 000519 

0.  0002253 

53.  00 

1. 000409 

0  0001775 

71.25 

0.  999024 

-1. 9995779 

35.  00 

1.  000527 

0. 0002288 

53.  25 

1. 000398 

0. 0001727 

71.  50 

0.  998997 

-1. 9995642 

35.  25 

1. 000536 

0. 0002329 

53.  50 

1.  000387 

0. 0001679 

71.75 

0.  998969 

-1. 9995522 

35.  50 

1. 000545 

0. 0002366 

53.  75 

1.  000374 

0. 0001625 

72.  00 

0.  998942 

-1.  9995401 

35.  75 

1. 000553 

0.  0002401 

54.  00 

1.  000363 

0  0001574 

72.  25 

0.  998912 

-1.  9995274 

36.  00 

1.  000560 

0. 0002432 

54.  25 

1.  000349 

0  0001515 

72.  50 

0.  998884 

-1. 9995150 

36.  25 

1. 000566 

0. 0002459 

54.  50 

1. 000337 

0  0001465 

72.  75 

0.  998855 

-1. 9995027 

36.  50 

1.  000572 

0. 0002483 

54.  75 

1. 000322 

0. 0001398 

73.  00 

0. 998825 

-1.  9994892 

36.  75 

1. 000577 

0.  0002504 

55.  00 

1.  000307 

0. 0001348 

73.  25 

0.  998795 

-1. 9994765 

37.  00 

1.  000581 

0. 0002528 

55.  25 

1. 000296 

0. 0001286 

73.  50 

0.  998766 

-1. 9994635 

37.  25 

1. 000586 

0. 0002542 

55.  50 

1.  000282 

0.  0001223 

73.  75 

0.  998736 

-1. 9994506 

37.  50 

1.  000589 

0. 0002561 

55.75 

1. 000267 

0  0001161 

74.  00 

0. 998705 

-1. 9994373 

37.  75 

1. 000595 

0. 0002581 

56.  00 

1. 000254 

0.  0001103 

74.  25 

'O.  998675 

-1. 9994241 

38.  00 

1. 000599 

0. 0002603 

56.  25 

1. 000239 

0. 0001040 

74.  50 

0. 998645 

-1. 9994113 

38.  25 

1. 000604 

0.  0002622 

56.  50 

1.  0«0224 

0  OOO0Q73 

74.  75 

0.  998615 

-1. 9993979 

38.  50 

1. 000609 

0. 0002642 

56.  75 

1. 000209 

0  0000Q10 

75.  00 

0.  998584 

-1. 9993845 

38.  75 

1. 000614 

0. 0002666 

57.  00 

1. 000195 

0  000084fi 

75.  25 

0.  998553 

-1. 9993710 

39.  00 

1. 000619 

0. 0002685 

57.  25 

1.  000181 

75.  50 

0. 998521 

-1. 9993574 

39.  25 

1. 000628 

0. 0002725 

57.  50 

1.  000165 

0  0000717 
U.  UUUU  111 

75.  75 

0.  998492 

-1. 9993446 

39.  50 

1. 000635 

0. 0002755 

57.  75 

1.  000148 

U.  UUUUD^^ 

76.  00 

0.  998461 

-1. 9993313 

39.  75 

1.  000642 

0. 0002786 

58.  00 

1.  000133 

0  000057Q 

76.  25 

0.  998430 

-1. 9993175 

40.  00 

1. 000646 

0. 0002806 

58.  25 

1. 000118 

0  000051 9 

76.  50 

0. 998399 

-1. 9993039 

40.  25 

1. 000649 

0. 0002817 

58.  50 

1.  000101 

0  n00f»4^iQ 

76.75 

0,  998367 

-1. 9992904 

40.  50 

1.  0006.50 

0. 0002821 

58.  75 

1.  000085 

0  rtonn^RW 

U. UUuUoDo 

77.  00 

0.  998337 

-1. 9992771 

40.75 

1.  0006.50 

0. 0002821 

59.  00 

1.  000068 

n  fioon9QR 

77.  25 

0.  998309 

-1. 9992649 

41.  00 

1. 000649 

0. 0002819 

59.  25 

1. 000051 

U. UUUv«^^ 

77.  50 

0. 998278 

-1. 9992515 

41.  25 

1.  000649 

0. 0002815 

59.  50 

1.  0000.34 

0  00001 4Q 

77.  75 

0.  998248 

-1. 9992382 

41.  50 

1.  000647 

0.  0002810 

59.  75 

1. 000017 

A  nnfifin79 

V.  UUUUU 1  4 

78.  00 

0. 998216 

-1. 9992244 

41.  75 

1. 000645 

0. 0002802 

60.  00 

1. 000000 

0  noonooo 

78.  25 

0. 998184 

-1.  9992104 

42.  00 

1. 000644 

0. 0002796 

60.  25 

0. 999981 

78.  50 

0.  998152 

-1. 9991965 

42.  25 

1.  000643 

0. 0002792 

60.  50 

0.  999963 

—1  QOQQS'^Q 

78.75 

0.  998120 

-1. 9991826 

42.  50 

1.  000642 

0. 0002787 

60.  75 

0. 999945 

—1  QQQQ7fiO 

;   79. 00 

0.  998080 

-1. 9091686 

42.  75 

1. 000641 

0. 0002781 

61.  00 

0.  999927 

79.  25 

0. 998055 

-1.  9991545 

43.  00 

1. 000639 

0. 00002774 

61.  25 

0.  999909 

i   79. 50 

0. 998022 

-1.  9991400 

43.  25 

1.  000637 

0. 00002766 

61.  50 

0.  999890 

!  79.75 

0.  997989 

-1. 9991258 

43.  50 

1. 000635 

0. 00002756 

61.  75 

0.  999871 

-1  QQQQ440 

80.  00 

0. 997956 

-1. 9991113 

43.  75 

1. 000633 

0.  00002748 

62.  00 

0.  9998.53 

—1  OQQQQR1 

80.  25 

0.  997923 

-1.  9990970 

44.  00 

1. 000631 

0. 0002740 

62.  25 

0.  999834 

—1  QQQQOfln 

80.  50 

0.  997889 

-1. 9990822 

44.  25 

1. 000629 

0. 0002731 

62.  50 

0.  999814 

i.  yyyyiyc) 

80.  75 

0.  997855 

-1. 9990673 

44.  50 

1. 000626 

0. 0002721 

62.  75 

0.  999795 

—1    QQQQ1 08 

1. yyyyiuo 

81.  00 

0.  997821 

-1.  9990526 

44.  75 

1. 000624 

0. 0002710 

63.  00 

0. 999774 

1. yyyyuzu 

81.25 

0.  997788 

-1. 9990383 

45.00 

1.  000621 

0. 0002699 

1    63. 25 

0.  999753 

J-.  yyyoy.^y 

81.  50 

0.  997754 

-1.  9990233 

45.  25 

1. 000619 

0. 0002687 

63.  50 

0.  999733 

—1  0008810 

X.  yyyoo-tu 

:    81. 75 

0.  997718 

-1.  9990079 

45.  50 

1.  000619 

0. 0002675 

63.  75 

0.  999712 

—1  0QQ871Q 

^x.  yyyo  I'ly 

i    82. 00 

0. 997681 

-1. 9989918 

45.  75 

1. 000613 

0. 0002660 

64.  00 

0.  999692 

1.  yyyooou 

82.  25 

0.  997644 

-1. 9989756 

46.  00 

1. 000610 

0. 0002646 

64.  25 

0.  999672 

— i.  yyyoDi'i- 

82.  50 

0.  997604 

-1. 9989596 

46.  25 

1. 000606 

0. 0002631 

64.  50 

0.  999651 

-1. 9998483 

!  82.75 

0.  997571 

-1. 9989438 

46.  50 

1. 000602 

0. 0002615 

64.  75 

0.  999629 

-1.  9998388 

83.  00 

0.  997536 

-1. 9989286 

46.  75 

1. 000598 

0. 0002598 

65.  00 

0.  999608 

-1.  9998294 

83.  25 

0.  997500 

-1. 9989138 

47.  00 

1.  000594 

0. 0002578 

65.  25 

0.  999585 

-1. 9998198 

83.  50 

0.  997468 

-1.  9988989 

47.  25 

1.  000589 

0. 0002558 

65.  50 

0.  999563 

-1. 9998104 

83.  75 

0.  997433 

-1. 9988837 

47.  50 

1.  000584 

0. 0002537 

65.  75 

0.  999542 

-1.  9998011 

84.  00 

0.  997398 

-1. 9988684 

47.  75 

1.  000579 

0. 0002515 

66.  00 

0.  999521 

-1.  9997918 

84.  25 

0.  997363 

-1.  9988532 

48.  00 

1.  000574 

0.  0002493 

66.  25 

0.  999499 

-1.  9997822 

84.  50 

0. 997327 

-1.  9988378 

48.  25 

1.  000569 

0. 0002470 

66.  50 

0.  999479 

-1. 9997737 

84.  75 

0.  997292 

-1.  9988223 

48.  50 

1.  000564 

0. 0002448 

66.  75 

0.  999454 

-1.  9997630 

85.  00 

0. 997256 

-1.  9988068 

48.  75 

1. 000558 

0. 0002421 

67.  00 

0.  999432 

-1.  9997553 

85.  25 

0.  997220 

-1.9987908 

49.  00 

1. 000551 

0. 0002393 

67.  25 

0.  999409 

-1. 9997435 

85.  50 

0.997183 

-1.  9987750 

49.  25 

1. 000545 

0. 0002366 

67.  50 

0.  899387 

-1. 9997338 

85.  75 

0. 997150 

-1.  9987604 

49.  50 

1. 000538 

0. 0002336 

67.  75 

0. 999365 

-1. 9997243 

86.  00 

0. 997116 

-1.  9987456 

49.75 

1. 000531 

0. 0002306 

68.  00 

0.  999343 

-1. 9997146 

50.  00 

1.  000524 

0. 0002276 

68.  25 

0.  999320 

-1.  9997047 
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I  Kioiii  Vii\)t.  O.  E.  Micliaclis'  triiiislatioii. ] 


INTRODITCTION. 


In  this  iiistrmnent  tlie  time  between  two  events  is  ascertained  by  not- 
ing- tlie  distance  of  tha  free  fall  of  a  heavy  body  dnring  the  interval,  the 
beginning  and  end  of  this  distance  being  made  to  accord  with  the  occnr- 
rence  of  the  events  by  means  of  the  galvanic  cnrrent. 


The  chronograph  of  Captain  Le  Bouleng6  can  be  nsed  not  only  as  a 
micro-chronometer,  but  directly  as  a  velocimeter.  Plate  LV  shows  the 
instrument  ready  for  use ;  for  taking  velocities,  and  for  measuring  minute 
intervals  of  time.  To  obtain  velocities  at  once,*  two  electric  circuits  are 
established  a  tixed  distance,  say  fifty  meters,  apart,  in  such  a  manner 
as  to  be  successivelj^  broken  by  the  projectile  in  its  flight.  The  first 
current  circukites  through  the  electro-magnet  A,  whose  armature  is  a 
long  cylindrical  rod,  C,  called  the  chronomeier^  furnished  with  two  em^e- 
loping  zinc  tubes,  D  and  E,  called  recorders.  The  second  current  passes 
by  the  electro-magnet  B,  whose  armature,  the  shorter  rod  F,  is  called 
the  registrar.  The  third  active  element  of  the  instrument  is  the  indenter 
(Plate  LYI),  consisting  of  the  circular  knife  G,  fixed  in  the  mainspring 
H,  which  can  be  cocked  by  means  of  the  catch  on  the  lever  I. 

On  the  breaking  of  the  first  circuit,  the  chronometer  falls  vertically ; 
on  the  rupture  of  the  second  the  registrar  falls  in  its  turn,  depresses  the 
free  end  of  the  lever  I,  and  thus  releases  the  mainspring ;  the  knife  juts 
forward,  strikes  the  falling  chronometer,  and  indents  the  upper  recorder. 
As  shown  below,  a  very  simple  relation  holds  between  the  dent  thus 
obtained  and  the  velocity  of  the  projectile  which  caused  it.  Even  with 
this  brief  description,  a  moment's  thought  will  show  that  the  lower  the 
velocity  the  higher  up  shall  the  recorder  be  indented. 


The  above  succinct  account  of  the  action  of  the  instrument  is  suflicient 
for  a  comprehension  of  its  theory.  The  details  of  construction  will  be 
given  when  we  come  to  speak  of  its  use. 

As  an  origin  of  reference  for  the  falls  of  the  chronometer,  we  take  the 
dent  imi)rinted  on  the  lower  recorder,  when  the  knife  is  "let  off,"  while 
the  chronometer  is  suspended. 

Let  h  be  the  height  above  the  origin  of  the  dent  due  to  the  shot ;  then, 
as  the  chronometer  followed  the  law  of  falling  bodies  from  the  begin- 
ning of  its  movement  up  to  the  time  it  was  struck  by  the  knife,  we  have 


T^=  / —  as  the  time  corresponding  to  this  fall.    It  would  also  be  the 


j  time  of  the  trajectory  between  the  targets  (giving  a  velocity  of  ^meters 

I  to  the  projectile),  provided  the  chronometer  began  its  fall  at  the  precise 

j  instant  the  first,  and  the  knife  struck  it  at  the  precise  instant  the  second, 

I  current  was  broken.    But  this  is,  in  reality,  not  so;  for,  after  the  break- 

j  ing  of  the  first  current,  a  certain  interval,  0,  elapses  before  the  electro- 

'  magnate  is  sufficiently  demagnetized  to  permit  the  fall  of  the  chronome- 

I        "  At  Watertowu  Arsenal  and  Sandy  Hook  the  targets  are  one  hundred  feet  apart. 
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ter,  which  will  accordingly  be  retarded  by  this  timej  and  the  observed 
duration  of  the  trajectory  will  be  too  small  by  the  same  quantity. 

On  the  other  hand,  from  the  breaking  of  the  second  current  up  to  the 
instant  of  the  knife  striking  the  chronometer,  the  following  intervals 
elapse : 

6'  for  the  sufficient  demagnetization  of  the  electro-magnet  B. 
V  for  the  fall  of  the  registrar  to  the  disk  of  the  indenter. 
t"  for  the  release  of  the  catch. 

V"  for  the  knife  to  clear  the  horizontal  distance  to  the  falling  chro- 
nometer. 

The  observed  time,  T',  is  then  too  great  by  the  quantity  [0'  +  +  t" 
4- 1'")^  and  too  small  bv  0.  For  the  true  time  of  flight,  T,  we  have,  there- 
fore, -  {0'  4-  -f  t"  +  V"  -o)z=T-t.  For  T  =  o,  we  have  T'  =  t, 
whence  to  obtain  the  value  of  t  we  have  only  to  break  both  circuits 
simultaneously,  and  note  the  resulting  time  of  fall ;  since,  after  this  com- 
mon rupture,  there  passes  the  time  0  before  the  chronometer  falls,  and 
[6' -\- f -\- 1'")  before  it  is  struck,  until  it  is  dented  there  elapses 
then  the  time  (0-\-t'-}-t"-\-t"' —  6)  or  t.  As  will  be  shown  presently,  the 
instrument  can  be  so  adjusted  as  to  'give  t  a  constant  value,  say  0'^15. 

Whenever  desirable,  we  can  ascertain  if  the  apparatus  is  thus  adjusted 
or  not,  by  using  the  disjunctor  (Plate  LVI),  w^hich  is  in  both  circuits. 
If  the  resulting  dent  is  110.29™"^  above  the  origin  (the  height  correspond- 
ing to  0'M5  at  Watertown  Arsenal),  the  instrument  is  properly  set.  De- 
pendent upon  this  condition,  we  can  fix  in  advance  the  height  correspond- 
ing to  any  given  velocity  of  projectile.  For  example,  with  an  initial 
velocity  of  500  meters,  the  projectile  will  pass  over  the  50  meters'  inter- 
val between  the  circuits  in  O'M,  and  the  instrument  will  record  0'M5  -f 
O'M,  or  0''.25,  and  the  height  will  therefore  be 

Eeciprocally,  if  the  shot  gives  a  dent  SOG.Se^"'"  above  the  origin,  we  con- 
clude that  the  projectile  was  moving  with  a  velocity  of  500  meters. 

The  heights  corresponding  to  all  velocities  within  the  ordinary  limits 
of  experiments  have  been  calculated  and  inscribed  on  a  metal  rule,  fur- 
nished with  a  sliding  index  (Plate  LVII),  which  thus  aftbrds  a  simple 
means  for  directly  measuring  the  velocity  of  the  projectile  fired.  The 
shot  having  given  the  indent,  we  adjust  the  rule  to  the  chronometer, 
slide  the  beak  of  the  index  into  the  notch,  and  read  ofi*  the  velocity. 

USE  OF  THE  INSTRUMENT. 

As  has  already  been  stated,  when  it  is  desired  to  measure  velocities 
directly,  two  targets  must  be  set  up  50  meters  apart.  The  chronometer 
circuit  passes  through  the  first,  and  the  registrar  through  the  second, 
the  disjunctor  being  in  both.  Should  local  difficulties  intervene  to  pre- 
vent the  targets  being  set  up  exactly  50  meters  apart,  multiply  the 

velocity  read  from  the  scale  by  the  constant  ratio  ^  where  D  is  the 

actual  space  in  meters. 

For  transport,  the  different  parts  of  the  instrument  are  packed  in  a 
box,  which  also  serves  as  a  stand  for  mounting  it.  After  unpacking  the 
box  screw  on  the  sectional  iron  tripod,  then  stand  it  independently  of 
the  floor,  so  that  it  may  be  subject  to  as  little  vibration  as  possible,  and 
fasten  in  its  place  the  triangular  plate  that  carries  the  indenter  and  col- 
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|.imi.  The  olectro-innKnots  arc  attaclicl  Uy  pam\ng  the  tl.reiulcl  .stems 
thu  iif.|  the  column,  mid  tishteniiif.-  with  the  milled  nuts  (I'liito  LV) 

ilu*  dispuu(^toi-  should  be  i)laee.l  near  the  instrument  within  eisv 
reach  o    the  operator    Ordinarily,  one  seven-iuch  ehroni  c  potash^m 

cllllnometer.  '        '        '     "  "^'''^  "'^ 

As  so  mtle  povver  is  required,  wo  would  recommend,  if  easily  at- 

Saction        "'  "'''^  '"^  >"ost  con- 

Two  recorders  are  put  on  the  chronometer.    To  put  on  the  snrdler 

unscrew  the  bob  (I'late  LVII).    These  tubes  should  be  1  «^^^ly  tS,ecl' 

the  lower  recorder  rests  closely  against  the  bob. 

f"™"*''  Propeily  established  and  sufHcieiitly  strong  to 

enable  the  mag^jets  to  ma,nt:iin  tlic  rod-arn.aturos,  the  next  step  is  the 
adjustment  of  the  apparatus,  which  con.prises  these  three  operations! 

1.  lievelmg  the  instrument. 

2.  Begulatiiig  the  jwwerof  the  electro-magnets. 

3.  Fixing  the  height  of  the  disjunctor-reading. 

Leveling  the  instrument— The  chronometer  is  used  in  levelintr-  for 
ihen^'bv^'menl^'^nf  '.V**  havinn>reMy  coM  the  in&ten 

In  h>Veli,,^  fi  n  f  !  tripod-screws,  bring  it  to  its  normal  j,osition. 
In  leveling  from  front  to  rear,  let  the  beveled  shoulder  of  the  bob 

mate  LVrf  oTt'T^/-''  ^^^T'  t"*'  edge  '  ^ 

ial!    •^'i  triangular  base;  in  leveling  laterally,  align  the  right 

lZtfft\f^1  «f  the  above  projection  ^ 

ReguUtmg  the  electro-magnets.— It  is  very  advantageous  to  work  with 
weak  magnets,  as  we  need  not  then  take  into  account  the  troublesZie 
to  "remaimng  magnetism'';  still  the  magnets  must  be  stronrenoulr 
rVnttl???*!?'  Y"^  suspending  the  armatures.  ^  ' 

Oaptam  Le  Boulenge  has  adopted  the  following  simple  and  ingenious 
plan  for  making  the  e  ectro-magnets  just  sufficiently  powerful  for  the"? 

S  br^ss^ub^Kate^^V^^^  ""^-t^'itl'  by  means 

Thurweii^hted  ^unthZ^  l^'''^  supplied  with  the  instrument, 
inus  weighted,  attach  the  chronometer,  with  the  recorders  on  to  its 

Tolfef  ^r^f  f  «°r«'  until  the  a^Aiature 

lalls.   To  make  certain  that  this  has  been  correctly  done,  attempt  to 

rrind'tW?'"''*'^ '''i^T^'  due  to  soSe  accXtal 

snock,  and  the  core  must  be  still  further  withdrawn 

wiiftr"^  regulated  the  magnet,  remove  tlie  weight,  and  no  trouble 
iTted  irrnT°Tl  ^^^P'^'^ding  the  rod.  The  other  magnet  Is  reg  i 
lated  in  exactly  the  same  way  by  the  registrar  and  its  weight  In 

lteve?m\Vt  r^n™/      '^^^^^^  ^'^^'^^^'l  by  a  fixed  sfandard" 
Trrore  ari^in^  frnl  a?.?^'^''*  V        ^";f    advantage  in  practice,  as  al 

Th!  tifi?^^  T  personal  equations"  are  thus  eliminated, 
m/v  L  lJjiv  ,  operating  the  disjimctor,  which  is  extremely  simple, 
may  be  explained  at  this  point.  To  close  it,  press  with  the  Wer  on 
the  milled  stud  z  (Plate  LVI)  until  the  mainspring  <  is  held  bv  the 
catch  X  which  establishes  the  circuits  by  bringing^the  blades  «  «'  in 
the  thl"b*at*the^     '  "'  catlh^fwrth  the Lyr" 

L  freed  whoi  tl  "*'-         ^""'^'P'^^  V,  until  the  mainsprmg 

ifts  the  bTades  .^Zff'f  T^''*'^  ^'^^  insulating  material, 

T„      1  •     1®  from  contact  with  their  respective  pins 

stmment-leleyhf  f  T'  ^".^T^''^  '^ot  to  disturb  the  le'Jefof  the  L 
strument  ,  the  left  hand  alone  is  therefore  used :  the  lingers  grasp  the  tube 
L,  while  the  thumb  pulls  back  the  spring  until  it  catfhes  fn  the  lever  l! 
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The  screw  M,  which  is  tapped  through  the  lever  aud  rests  on  the  ful- 
crum-mortise, regulates  the  hold  of  the  catch,  which  should  be  as  light 
as  possible.  The  kuife  is  a  circular  rowel  of  tempered  cast-steel,  fastened 
in  a  slot  of  the  mainspring  by  the  axial  screw  N,  the  loosening  of  which 
permits  the  i)resentation  of  a  new  edge,  should  the  old  one  be  blunted. 

Filing  the  disjunctor  reading. — The  disjunctor  dent,  to  be  properly 
placed  on  the  chronometer,  should  be,  as  has  already  been  mentioned, 
110.29™°^  above  the  origin  (at  Watertown  Arsenal)  which  represents  the 
time  O'Mo.  This  height  should  be  indicated  on  the  rule  by  a  special 
mark.  (On  the  one  sent  by  Captain  Le  Boulenge  it  is  marked  "disjonc- 
tion,"  and  is  110.37°'™  above  the  origin.)  That  this  disjunctor  adjust- 
ment may  be  accomplished  quickly,  begin  by  tracing  on  the  smaller  re- 
corder a  circle  at  the  desired  height  (110.29"'™).  For  this  purpose,  slide 
the  vernier  along  the  scale  (Plate  LYII)  until  its  index  coincides  with 
the  "  disjunction mark,  and  clamp  it.  i^ow,  place  the  chronometer 
flat  on  a  table,  the  numbered  face  toward  the  body,  insert  the  hinged 
conical  pin  of  the  rule  in  the  tapering  hole  of  the  bob,  and  let  the  ver- 
nier-knife rest  on  the  zinc  tube.  Support  the  end  of  the  rule  with  the 
right  hand,  and  press  it  on  the  bob,  while  the  left  turns  the  recorder. 
In  this  manner  a  fine  circle  is  traced,  on  which,  if  the  instrument  is  well 
adjusted,  the  disjunction  marks  should  be  indented.  This  rule  is  so 
constructed  that  its  scales  begin  at  the  height  of  the  origin,  to  which  the 
dents  are  referred.  It  has  been  found  convenient  to  add  a  slow-motion 
screw  to  the  slide. 

The  cut  made  by  the  indenter-knife  is  a  wedge-shaped  notch,  clearly 
nicked  in  the  zinc,  whose  edge  is  in  a  plane  i)erpendicular  to  the  axis 
of  the  cylinder.  As  the  section  of  tliis  plane  is  the  true  indent,  the  ver- 
nier-knife must  be  brought  against  it  in  measuring.  This  knife  fits  ac- 
curately to  the  edge  of  the  notch,  thus  eliminating  all  errors  of  reading. 
This  has  been  tested  by  allowing  several  persons  to  measure  the  height 
of  the  same  dent,  whose  results  have  agreed  exactly.  Everything 
being  ready,  a  disjunctor  reading  is  taken ;  if  the  resulting  dent  is  on 
the  circle  alreadj^  traced,  no  further  regulating  is  required,  and  the  fir- 
ing may  commence  at  once.  But  if  the  dent  is  above  the  circle,  the 
fall  of  the  registrar  must  be  diminished ;  if  below,  increased.  This  is 
done  by  raising  or  lowering  the  disk  O,  (Plate  LYI)  which  is  supported 
on  an  upright  screw  having  a  pitch  of  one  millimeter,  and  is  divided  on 
its  circumference  into  ten  equal  parts,  so  that  its  height  may  be  varied 
by  a  tenth  of  a  millimeter. 

A  pawl,  P,  playing  in  the  nicks  of  the  disk  renders  it  easy  to  count 
its  turns,  and  to  fix  it  at  the  desired  height.  The  reading  having  been 
once  adjusted  will  not  vary  more  than  a  few  tenths  of  a  millimeter  at  a 
subsequent  experiment,  and  this  can  at  once  be  regulated  by  turning 
the  screw  through  the  same  number  of  divisions. 

The  instrument  is  set  up  for  firing  in  the  same  manner  as  for  taking 
a  disjunctor  reading.  To  avoid  confusion,  numbered  ink-marks  about 
one-sixteenth  of  an  inch  apart  are  made  around  the  bases  of  the  two 
recorders,  and  each  mark  is  successively  brought  in  line  with  the  cut, 
A  B,  on  the  ring  (Plate  LYI),  as  the  firing  progresses,  by  which  means 
the  dents  are  made  on  equidistant  straight-line  elements.  The  zincs 
can  thus  receive  about  twenty  dents,  and  then  be  turned  end  for  end 
and  receive  twenty  more.  The  shot  having  given  a  dent,  apply  the  rule 
to  the  chronometer  in  the  manner  described  for  tracing  the  disjunction 
circle,  bring  the  vernier-knife  against  the  edge  of  the  notch,  clamp  it, 
and  read  oft'  the  velocity.  The  experiments  for  the  day  being  over,  the 
date  is  inscribed  on  the  proper  recorder,  and,  if  deemed  necessary,  it 
may  be  filed  for  future  reference. 
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11*  the  r()i'<'«;()iii<»-  (lim*ti()i»s  as  to  tlie  sot(in^-ni>  and  jmI jiistmcnt  of 
tlie  instrument  are  (jarc-fiilly  lollowiul,  not  only  will  thiMv.  be  no  a])i)re- 
oJable  variation  in  the  disjuncior-n^adings  before  any  sliot,  but  they  will, 
as  a  rule,  remain  constant  from  round  to  round. 

THE  INSTRUMENT  AS  A  MIOKO  CIIHONOMETER. 

When  the  chrono.i»rai)h  is  nsed,  as  heretofore  described,  with  an  in- 
terval of  50  meters  or  more  between  the  targets,  the  chronometer  re- 
ceives the  dents  near  the  to]),  when  of  (?onrse  it  is  moving-  with  its 
greatest  sjxhhI,  and,  consequently,  smnll  differences  in  time  give  pro- 
l)ortionately  large  differences  in  height.  ]>nt  Avhen  the  interval  to  be 
measured  becomes  small  this  no  longer  obtains,  for  then  the  dent  of  the 
shot  is  imi)rinted  on  the  /oircr  recorder  near  th(^  disjunction  circle  before 
the  chronometer  has  acquired  much  acceleration.  To  obviate  this  difti- 
culty  the  arrangement  shown  in  Plate  LV  is  adopted. 

Tlie  elecitro-magnet  of  the  registrar  with  its  stop  is  removed  to  the 
upper  part  of  the  column,  and  introduced  in  the  circuit  that  is  hrolcen 
first.  By  this  arrangement  we  obtvnn  a  disjunction  dent  near  the  upper 
end  of  the  chronometer,  aiul  thus  regain  the  advantage,  even  when  the 
interval  is  very  small,  of  recording  minute  times  where  the  representa- 
tive scale  is  greatest.  This  disjunctor-reading  is  about  0''.3,  double 
what  it  was  before,  hence  the  representative  dents  of  small  times  are 
marked  on  the  chronometer  when  it  has  double  its  former  ^'elocity. 

We  may  remark  here  that  for  diminishing  a  elocities  and  in  meas- 
uring small  times  for  decreasing  intervals,  the  units  of  the  scale  in  the 
one  case  and  the  corresponding  si)aces  on  the  chronometer  in  the  other 
increase — most  desirable  attributes  of  instruments  of  this  class. 

All  that  has  already  been  said  concerning  the  leveling,  adjustment, 
and  management  of  the  apparatus  applies  here,  except  that  the  dis- 
junctor-reading is  not  regulated,  and  must  be  taken  for  each  round,  and 
further,  as  has  already  been  stated,  that  the  registrar  is  in  the  circuit 
of  the  first  target. 

The  fall  corresi^onding  to  the  time  to  be  measured  is  recorded  nega- 
tively,  as  the  firing  dent  is  below  the  disjunctor-reading,  and  the  dura- 
tion of  this  fall  is  found  by  subtracting  that  of  the  former  from  the 
latter.  These  heights  are  measured  to  tenths  of  a  millimeter  by  means 
of  the  scale  engraved  on  the  rule  and  its  vernier,  and  the  corresponding 

times  may  be  calculated  from  the  formula  T  =      -?  j  or  taken  directly 

from  a  table,  which  is  formed  analogously  to  the  ordinary  logarithmic 
tables.  When  the  interval  becomes  so  great  as  to  give  a  dent  below 
•the  upper  recorder,  the  ring  on  the  rod  must  be  removed,  and  two  of  the 
larger  tubes  applied  to  the  chronometer,  one  above  the  other.  The 
largest  interval  that  can  be  recorded  by  the  instrument  thus  arranged 
is  that  which  corresponds  to  the  disjunctor-reading,  a  little  over  0".3. 
When  the  time  between  the  rupture  of  the  two  circuits  exceeds  this 
reading,  the  chronometer  is  struck  before  it  has  commenced  to  fall,  and 
the  dent  of  the  origin  is  obtained. 

PRESSURE-GAUGES. 

(Plates  LIX  to  LXII.) 

The  pressure  of  the  gas  per  square  inch  in  the  bore  of  the  gun  is 
determined  by  means  of  the  pressure-gauge. 
The  principle  of  this  instrument  is  as  follows  :  The  pressure  due  to 
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the  tension  of  the  confined  gas  is  transmitted  through  a  i^iston  to  a 
knife,  in  contact  ^vith  a  piece  of  soft  copper,  wherebj^  the  knife  is  forced 
into  the  coj^per,  making  an  indentation,  the  length  of  AVhich  will  depend 
upon  the  amount  of  pressure  exerted.  The  length  of  this  indentation 
is  measured,  and  the  pressure  is  determined  from  the  i)ressure  actually 
applied  with  the  testing  machine,  to  produce,  with  the  same  knife  and 
the  same  area  pressed  as  that  of  the  piston,  an  indentation  of  an  equal 
length  in  a  similar  piece  of  copper.  To  facilitate  operations,  a  table  is 
usually  prepared  beforehand,  showing  the  pressure  corresponding  to  any 
given  length  of  iudentation  likely  to  occur  in  practice.  The  instrument 
consists  essentially  of  five  parts  (Plate  LIX) : 

1st.  The  housing :  A  cylindrically-shaped  box,  a,  of  steel,  which  con- 
tains all  the  parts  of  the  instrument,  and  supports  them  in  their  i^roper 
relative  positions  for  use.  It  is  closed  either  at  to^)  or  bottom  by  a 
screw-plug. 

2d.  The  piston  b,  which  is  of  steel,  and  of  a  diameter  to  correspond  to 
some  definite  ])ortion  of  one  square  inch,  as     yo  •  2-0? 

3d.  The  liiife  or  indenting  tool  (c). — Several  forms  of  knife  are  used,  as 
shown  in  the  Plate  LIX,  and  are  designated  as  pyramidal,  Figs.  1  and 
3 ;  round,  Fig.  2  ;  and  spiral.  Fig.  4.  The  round  knife  is  cut  from  a 
circular  disk,  as  shown  in  Fig.  2  (Plate  LIX),  a  method  of  manufacture 
that  admits  of  making  a  number  of  knives  identical  in  form  and  dimen- 
sions. 

4th.  The  copper  disli  or  block  for  recei\'ing  the  indentations  of  the 
knife.    It  is  of  pure  annealed  copper. 

5th.  The  gas  check  a  thin  copper  cup  to  prevent  the  gas  from  enter- 
ing the  interior  of  the  housing.  In  Fig.  4,  a  leather  Avasher,  fitted  into  a 
groove  cut  round  the  piston,  is  substituted  for  the  copper  cui). 

The  several  forms  of  pressure-gauges,  cutters,  and  mode  of  attach- 
ment to  cartridge  bags,  are  shown  on  plates  LIX,  LX,  LXI,  and  LXII. 

Plate  LIX,  Fig.  1,  represents  a  form  of  external  pressure-gauge  for 
taking  pressures  at  the  bottom  or  at  any  point  along  the  surface  of  the 
bore.  The  length  of  the  plug  in  which  the  gauge  is  screwed  is  such 
that  its  bottom  reaches  to  and  forms  a  part  of  the  bore  at  the  position 
where  the  pressure  is  to  be  taken.  The  plug  has  a  sectional  screw  to 
facilitate  its  insertion  or  withdrawal,  and  the  rim  of  the  plug  is  provided 
Avith  a  gas-check  to  cut  oft'  the  gas  from  the  surface  of  the  plug. 

Figs.  2  and  3  are  forms  of  internal  i)ressure-gauges,  showing  their 
construction  and  means  of  attachment  to  the  cartridge-bag. 

Fig.  4  shows  a  form  of  internal  pressure-gauge  proposed  by  Dr.  W. 
E.  Woodbridge.  It  consists  essentially  of  a  iHston  having  a  conical 
cavity,  pressed  by  the  powder-gauge  against  a  disk  of  copper  which  en- 
ters the  cavity  in  i)roportiou  as  it  is  crushed.  The  surface  of  the  cavity 
is  formed  with  a  fine  spiral  thread,  continuous  from  the  face  of  the  pis- 
ton to  the  ajjex  of  the  cone — the  turns  of  their  threads  being  divided 
into  tenths  by  lines  radiating  from  the  apex.  These  are  impressed  upon 
the  copper  according  to  the  extent  that  the  metal  has  been  forced  into 
the  cavity,  and  a  reading  of  the  number  of  turns  of  the  spiral  aftbrds 
an  indication  of  the  i^ressure  to  which  the  piston  has  been  subjected. 
It  may  be  considered  to  be  a  modification  of  a  form  of  internal  gauge 
proposed  by  Capt.  H.  Metcalfe,  Ordnance  Department,  the  spiral  cutter 
of  which  is  convex.  The  cut  on  the  disk  is  divided  for  facility  of  read- 
ing the  pressure. 

Fig.  5  shows  a  form  of  internal  pressure-gauge  in  use  in  England, 
called  the    Crusher  Gauge." 
The  crusher-gauge  consists  of  a  screw-plug  of  steel  (Plate  LIX,  Fig.  6), 
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witli  Ji  inovjihU^  base,  wliicJi  admits  tin'.  (M)i)|)('r  cyliiidcM'  B ;  one.  oiul  of 
i\w,  cyliiKlcr  rests  ji^aiiist  thv,  anvil  A,  while  the  (itlior  is  pressed  by  tlie 
iu()va,ble  piston  O,  ke|)t  against  the  cylinder  by  an  annnlar  8i)rin<,r, 
tlie  cylinder  is  centered  in  the  ehambor  by  a  snuiU  wa,tch-s[)rin^-,  to  pre- 
vent the  escape  of  oas  to  the  chand)er  ;  the  head  of  the  piston  and  body 
of  the  anvil  is  tinted;  fonr  small  holes,  a  conimnnicate  with  the  main 
vent  thronoh  the  npper  part  of  the  i)ln^4-  a  gas-(;heck,  D,  is  placed 
against  the  lower  end  of  the  jMston. 

The  action  of  the  ^^anoe  is  as  follows:  The  oas,  acting  on  the  piston, 
crushes  the  copper  cylinder  against  the  anvil;  the  amount  of  compres- 
su)n  It  sustains  indicates  the  ])ressure.  The  area  of  the  coppc^r  cylinder 
for  8-inch  guns  is  of  a  square  inch ;  that  of  the  i)iston  being  '  of  a 
square  inch.  ^' 

A  table  of  results  to  protbice  definite  anu)nnts  of  pressure  by  the 
testing-machine  affords  a  means  of  comi)arison  of  the  results  j)roduced 
in  the  gun  at  xli liferent  points  of  the  bore. 

.  Use.— The  pressure-gauge  having  been  carefnllv  oiled  and  put  to- 
gether, IS  usually  placed  either  at  the  bottom  o'f  the  cartridge-bag 
where  it  is  secured  by  a  piece  of  twine,  passing  round  the  groove/ (care 
must  be  taken  that  the  bottom  of  the  internal  pressure-gauge  is  against 
the  bottom  of  the  bore,  or  the  resulting  pressure  will  be  unreliable),  or 
It  IS  inserted  through  an  aperture  in  the  wall  of  the  gun,  and  supported 
by  screw-thread,  as  indicated  by  its  construction. 

The  device  shown  on  Plate  LXII  has  also  been  employed.  It  consists 
simply  ot  a  bronze  or  steel  cup  of  the  same  form  as  the  bottom  of  the 
bore,  and  attached  to  the  pressure-gauge  by  a  stout  screw.  The  press- 
ure of  the  gas  upon  the  cup  holds  the  gauge  firmly  in  position  during 
discharge.  ^ 
After  firing,  the  gauge  is  removed  from  the  gun,  opened,  the  copper 
disk  taken  out,  and  the  length  of  indentation  measured.  In  reading 
the  disk  Avhere  the  spiral  cutter  is  employed,  commence  at  the  heavy 
radial  cut  and  count  the  ridges  of  the  thread,  then  to  the  right  of  the 
radial  divisions  to  the  end  of  the  indentation.  The  ridges  will  give  the 
number  of  turns,  and  the  divisions  the  tenths. 

Accessories.— Fla^te  LXI.  These  consist  of  the  wrenches  used  for  open- 
ing and  closing  the  gauges;  and  the  taper  rule  for  measuring  the  length 
of  the  indentation.  ^ 

MODE  OF  TAKING  GUTTA-PERCHA  IMPRESSIONS  OF  THE  BORES  OF  GUNS. 

(Plates  LXiii,  LXiy.) 

Gutta-percha  impressions  of  a  portion  of  the  bore  of  a  gun  are  con- 
veniently taken  by  means  of  wooden  blocks  or  wedges.  For  this  pur- 
pose two  blocks  are  used,  one  about  two-thirds  the  length  of  the  other- 
the  longer  block  carries  the  gutta-percha  for  the  impression,  the  shorted 
one  IS  used  as  a  wedge.  Each  block  has  a  staff  longer  than  the  bore  of 
the  gun,  enabbng  the  operator  at  the  muzzle  to  place  the  blocks  in  any 
desired  position  in  the  bore,  drive  the  wedge,  and  withdraw  the  blocks. 
Ihese  blocks  are  so  shaped  (see  plates)  as  to  form  an  imperfect  cylin- 
der whose  diameter  is  less  than  that  of  the  bore,  enabling  the  longer 
block  to  carry  the  gutta-percha  to  the  required  place  in  the  bore.  By 
driving  the  wedge  the  diameter  of  this  cylinder  is  increased  nearly  to 
that  ot  the  bore;  the  gutta-percha  is  pressed  against  the  surface  of  the 
bore,  and  forced  by  the  driving  wedge  to  take  the  impression. 

-Before  taking  an  impression  the  gun  should  be  thoroughly  washed 
out  and  oiled  with  an  oiled  sponge;  the  gutta-percha,  softened  by  hot 
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water,  just  below  the  boiling  point,  to  the  required  consistency — about 
that  of  putty — is  then  placed  on  the  block,  well  oiled,  worked  and 
kneaded  with  oil  until  it  is  spread  over  the  required  portion  of  the 
block.  The  blocks  are  also  aycII  oiled,  particularly  the  surfaces  which 
come  in  contact.  The  two  blocks  are  i^ut  together  at  the  muzzle,  and 
both  together  are  pushed  into  the  bore  to  the  distance  desired,  marked 
on  the  staft'  of  the  carrying-block.  The  carrying-block  is  held  steady 
by  its  staff",  while  the  wedge-block  is  driven  in  by  several  blows  of  a 
sledge  on  the  end  of  its  staff;  from  two  to  five  minutes  is  sufficient  to 
allow  it  to  set.  The  wedge  block  is  withdrawn  first  and  the  carr^-ing- 
block  Avith  the  impression  afterwards.  To  withdraw  the  wedge-block, 
an  iron  pin  is  run  through  the  staff  near  tlie  end,  and  struck  with  the 
sledge  until  it  starts,  \\  hen  it  is  easily  withdrawn.  The  carrying-block 
will  generally  fall  or  release  itself  by  its  own  weight,  bringing  the  impres- 
sion with  it,  if  the  impression  is  taken  anywhere  in  the  upper  half  of 
the  bore.  Where  an  impression  is  wanted  from  the  bottom  of  the  bore, 
a  small  block  or  rider  is  puslied  in  at  the  same  time  as  the  carrying- 
block  (see  plate),  so  as  to  keep  the  gutta  percha  from  touching  the  sur- 
face of  the  bore  Avhile  being  i>ushed  into  place.  Afterwards  the  rider- 
block  is  withdrawn,  the  wedge  driven  in,  and  after  the  wedge  is  with- 
drawn the  rider-block  is  pushed  back  close  to  the  carrying-block,  and 
acts  as  a  fulcrum  by  which  the  impression  is  raised  free  from  the  bore, 
when  both  are  withdrawn  together. 

In  taking  an  impression  on  the  side,  it  is  better  to  push  in  the  blocks 
as  in  taking  the  impression  above,  and  then  to  turn  the  blocks  to  the 
side.  Unless  the  block  under  the  gutta  percha  is  well  oiled,  some  difii- 
culty  may  be  experienced  in  releasing  the  imi^ression  from  the  block. 

The  carrying-block  should  have  a  slight  raised  edge  on  each  side  oi 
the  upper  surface  of  the  block,  to  prevent  the  gutta-percha  from  spread- 
ing out  too  much  when  undergoing  the  x)ressure  from  the  wedge,  and 
also  to  protect  it  when  turning  the  blocks  for  side  impression.  Impres- 
sions are  marked  by  their  distance  from  the  muzzle  in  inches;  the  name, 
number,  and  caliber  of  the  gun,  and  whether  taken  at  top,  bottom, 
right,  left,  top  right,  top  left,  bottom  right,  bottom  left,  of  the  bore, 
when  facing  the  muzzle. 

A  convenient  size  to  obtain  the  gutta-percha  is  in  slabs  twenty  inches 
long,  five  inches  wide,  and  five-eighths  of  an  inch  thick.  Each  slab  will 
make,  ordinarily,  two  or  three  impressions,  and  can  be  used  several 
times  if  desired. 

FORMULAS  PERTAINING  TO  RIFLED  GUNS. 

I. 

To  give  to  the  projectile  rotation  about  its  longer  axis,  rifled  guns 
have  grooves  cut  spirally  in  the  bore,  the  angle  of  spiral  varying  in 
different  guns,  depending  mainly  upon  the  weight,  length,  and  initial 
velocity  of  the  x^rojectile.  It  is  measured  at  any  point  of  the  groove  by 
the  angle  which  a  tangent  to  the  groove  at  that  point  makes  with  an 
element  of  the  bore;  it  is  evident  that  this  angle  is  constant  m  guns 
rifled  with  uniform  twist. 

In  guns  rifled  with  increasing  twisty  the  angle  at  the  breech  is  called 
the  initial  angle  of  rifliyig  ;  at  the  muzzle,  ihQ  final  angle  of  rifling. 

The  twist  of  rifling  (ordinarily  exi)ressed  in  calibres)  with  uniform 
twist  is  designated  by  the  distance  in  which  the  spiral  makes  one  com- 
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plt'tc  turn;  with  an  iiicroasiiio-  twist  it  is  (lesi<^iiate(l  at  any  point  ])y  the 
distance  in  which  tlio  spiial  wonhl  make  a  complete  turn  witli  the  in- 
clination (Ine  to  the  angle  at  that  [)oi'Jt. 


Let 
Tiiei 


/  =  anjile  of  spinil  at  any  ])oint  of  bore. 

u  =  twist  of  rilling-  (in  calibers)  at  same  point. 


tan  = 

u 


expressing-  the  relation  between  the  angle  of  spiral  and  twist  of  rifling 
at  a  giv^en  point  of  bore. 

II. 

Initial  veloeittj  of  rotation. 

Let  V  be  the  initial  velocity  of  the  projectile  or  space  it  would  pass 
over  in  one  second  in  the  direction  of  flight,  moving  with  the  velocity 
with  which  it  leaves  the  piece,  and  I  the  distance  passed  over  by  the 

projectile  in  making  one  revolution ;  therefore  ^  will  be  the  number  of 
revolutions  in  one  second,  and  2-  Y  the  angular  velocity  of  the  pro- 

V 

jectile  at  the  muzzle.  The  velocity  of  rotation  of  a  point  on  the  surface 
is  given  by  the  expression 

ric  =  2  TT  r  ^ 

in  which  r  is  its  distaace  from  the  axis  of  motion,  and  iv  is  the  angular 
velocity. 

III. 

Inclination  of  grooves. 

The  object  of  rifle  grooves  being  to  communicate  an  effective  rotary 
motion  to  a  projectile  throughout  its  flight,  it  remains  to  determine 
what  velocity  of  rotation,  or  inclination  of  grooves,  is  necessary  for 
different  projectiles. 

The  velocity  of  rotation  will  depend  on  the  form  and  initial  velocity 
of  the  projectile,  the  causes  which  retard  it,  and  the  time  of  fli|>-ht ; 
therefore,  there  is  a  particular  inclination  of  grooves  which  is  best  suited  to 
each  caliber,  form  of  projectile,  charge  of  powder,  and  angle  of  fire. 

Substituting  for  I  in  the  abov^e  formula  its  value,'  l=ncL  we  have 
V 

rw=2  T  r-^,  in  which  n=  number  of  calibers  in  one  turn  of  the  rifling ; 

€?= caliber  in  feet. 

With  regard  to  the  velocity  of  rotation,  we  must  impart  to  the  shot  a 
sufficient  amount  of  kinetic  energy  of  rotation  (or  work  stored  up  due  to 
rotation)  to  keep  it  steady  up  to  the  farthest  range  required. 

As  the  shot  leaves  the  muzzle,  its  kinetic  energy  of  rotation  is  ex- 


2 

pressed  by  the  formula  ^  M¥ 

2 


where  ic  =  angular  velocity  at  muzzle  =  2  tt  X  ^  M  =  mass  of  the  projec- 

na 
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tile=  ^  5  W  =  weight  of  projectile  in  pouiids ;  //'^ (radius  of  gj  ra- 

tion)2  =  ^  *  5  r  =  3.14159.  f 

We  do  not  know,  however,  the  rate  at  which  rotation  is  retarded  (not 
knowing  what  is  the  coefficient  of  friction  of  the  air),  and  therefore  can 
only  determine,  experi  men  tall}',  the  amount  of  energy  of  rotation  to  be 
imparted,  in  order  that  the  si)ot  shall  be  stable  at  its  maximum  range. 

The  twist  necessary  (with  a  given  velocity)  in  a  particular  gun  to  de- 
termine the  shot  leaving  the  muzzle  with  sufficient  energj^  of  rotation 
being  known,  we  can  find  out,  approximately,  the  twist  required  for 
another  piece  tiring  the  same  projectile,  but  having  a  different  initial 
velocity,  for  the  kinetic  energy  of  rotation  varies  with  the  angular  ve- 
locity, and  that  again  with  the  initial  velocity  and  length  of  twist. 

Take,  for  exami^le,  the  case  of  an  8-inch  gun,  where  initial  velocity 
1,400  f.  s.,  and  suppose  that  wewaut  to  know  what  twist  we  should  give 
to  an  8-inch  howitzer,  which  is  to  throw  the  same  projectile,  but  the  ini- 
tial velocity  of  which  we  require  to  be  low,  as  it  is  intended  for  high 
angle  fire. 

We  want,  say,  an  initial  velocity  of  550  f.  s.,  supposing  the  time  of  flight 
to  be  about  equal;  then  the  D  or  angular  velocity  must  be  the  same  in 
each  case,  and  we  have 


for  8-inch  gun ; 


nd  40V/ 


n'd  n'd 

for  8-inch  howitzer;  but  these  are  equal ;  therefore, 

2      55       ,  110 

=  ^  or  n'  =   „-  =  15.7 
n'      7  7 

or  the  twist  should  be  about  1  in  IG  calibers. 

THE  EFFECTS  PRODUCED  BY  HEAVY  GUNS. 

The  effects  produced  hy  the  projectile  of  a  heavy  gun  hy  its  power  of 
piercing  iron  plates  :  This  i)Ower  is  found  (with  projectiles  of  the  same 
form,  material,  and  weight)  to  vary,  approximately,  with  the  kinetic 
energy  of  the  projectile,  and  inversely  as  its  diameter  or  circumference 
in  some  functions  of  the  same.  The  experiments  carried  on  against 
armor  plates  have  not  been  sufficiently  numerous  nor  exact  to  allow  of 
formula  being  deduced  therefrom  which  we  can  rely  upon  as  being 
under  all  circumstances  absolutely  accurate.  Such  formula  as  those 
given  below  prove,  however,  very  useful,  not  only  for  the  purpose  of 
comparing  the  penetration  or  perforating  power  (at  any  particular  range) 
possessed  by  projectiles  of  difterent  pieces,  but  also  as  allowing  us  to 
calculate  approximatively  what  this  power  will  be. 

*  Looking  at  the  projectile  as  a  cylinder  of  mass  M,  and  ra<lin8 

tFor  example,  take  the  10-inch  rifle,  where 

W       400   .  An       ^     10  X.  (I- 

IV  =  l,364  f.s.      =M8y=^^tons       n  =  40      d=-^^U.  1-=^^ 

and 

which,  when  worked  out,  gives  about  16  foot-tons  of  kinetic  energy  of  rotation. 
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t     Tlie  rorimila  for  kineti(;  energy  of  traiishition  is — 
111  foot-pounds 

K  =  kinetic  eneroy  of  translation  of  tlie  i)rqjectile, 
in  wliicli  W  =  weiglit  of  i)r()jeetile  in  pounds, 
Y  =  initial  velocity  in  feet, 
//  =  force  of  gravity  (32.2). 

This  gives  the  energy  in  foot-i)ounds,  the  foot-])ound  being  the  blow 
struck  by  one  pound  falling  through  one  foot,  and  to  obtain  it  in  foot- 
tons  it  IS  necessary  to  divide  by  2,240,  or  the  uuniber  of  pounds  in  a 
ton ;  thus — 
iu  foot-tona 

2  ^/X  2240 

Formula  for  perforation  of  tvrom/ht-iron  plates. 
The  formula  of  Capt.  W.  H.  ]S"oble,  E.  A.,  is— 

t  =  thickness  of  plate  shot  can  pierce. 

e  =  kinetic  energy  per  inch  of  shot's  circumference  =  

2g::d  2240 

a  =  diameter  of  shot  in  inches. 
The  formula  of  Major  Maitland,  R.  E.,  is— 

t  =  -^ 
(14.87) 

in  which  E  =  kinetic  energy  of  translation  of  the  shot  =_^^X!_ 

2  g  2240 

r  =  radius  of  the  shot  in  inches. 

This  formula  applies  to  the  penetration  of  iron  plates  by  chilled  ogival- 
headed  projectiles. 

The  formula  of  Captain  iToble,  which  is  merely  a  modification  of  the 
one  deduced  by  Maj.  A.  Noble,  F.  E.  S.,  was  formerly  used  by  the 
English  in  calculating  tables  showing  the  penetrating  power  of  heavy 
guns.  Latterly,  however,  the  formula  of  Major  Maitland  has  come  into 
use. 

The  latter  has  considered  the  action  of  the  ogival-headed  projectile  as 
a  wedging  rather  than  a  punching  action,  and  takes  the  sectional  area 
instead  of  the  circumference  as  used  by  Captain  and  Major  Noble. 

The  experiments  of  Captain  Von  Doppelmair,  of  the  Eussian  army,  at 
Tegel,  in  the  year  1868,  showed  that  the  previous  calculations  of  the 
Eussians,  based  on  the  assumption  that  the  depth  of  penetration  was 
proportional  to  the  momentum  of  the  projectile  per  square  unit  of  cross- 
sectioD,  were  fully  confirmed  by  practice;  while  the  figures  obtained 
according  to  the  English  formula,  based  upon  the  assumption  that  the 
depth  of  penetration  was  proportional  to  the  momentum  per  inch  of  cir- 
cumference, were  flatly  contradicted. 

Many  of  the  experiments,  on  which  Captain  Noble's  formula  was  based, 
werecamedoutwith  flat-headed  projectiles,  or  with  projectiles  which  upon 
striking  the  plate  became  such  5  which  accounts  sufficiently  perhaps  for 
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the  disagreenient  between  the  results  deterniiued  by  his  formula,  aad 
those  actually  obtained  in  practice  when  chilled  ogival-headed  projectiles 
w^ere  employed. 

REMAlNlNa  VELOCITY. 

In  the  above  formula,  the  depth  of  penetration  is  that  which  corre- 
sponds to  the  initial  velocity,  or  the  penetration  at  the  muzzle  of  the 
gun.  [n  order,  therefore,  to  determine  the  x)enetration  at  any  other 
given  distance,  we  must  first  determine  the  remaining  velocity — for 
that  distance,  which  will  be  the  velocity  of  impact,  and  substitute  it  for 
V  in  the  values  of  E  and  e. 

The  formula  for  remaining  velocity  deduced  by  Professor  Helie  is — 

1  4-  c\x 

in  which  v  =  the  remaining  velocity. 
V  =  initial  velocity. 
X  =  distance  from  the  muzzle  in  feet. 

E  =  radius  of  projectile  in  feet. 
W=  weight  of  p    ectile  in  i)ouuds. 
6  =  a  variable  co  efficient  depending  on  the  form  of  the  shot 

and  its  weight. 

For  the  ogival  form  of  head,  and  for  velocities  1,100  feet,  h  may  be 
supposed  constant,  and 

h  =  0.0000G3 : 
for  velocities  from  1,000  to  1,100  feet, 

b  =  0.000050, 
and  for  velocities  from  600  to  1,000  feet, 

b  =  0.000035. 

DETERMINATION  OF  THE  POSTITON  OF  THE  CENTER  OF  GRAVITY  OF  A 

GUN. 

Eegardiug  the  gun  as  a  solid  of  revolution  whose  axis  coincides  with 
that  of  the  bore,  the  position  of  the  center  of  gravity  is  determined  from 
the  principle  that  the  sum  of  the  moments  of  the  weights  of  the  several 
parts  is  equal  to  the  moment  of  the  weight  of  the  entire  piece.  For  con- 
venience, the  plane  of  reference  is  usually  taken  either  at  the  knob  of 
the  cascabel  and  perpendicular  to  the  axis  of  the  bore,  or  as  coincident 
with  the  front  face  of  the  piece. 

The  general  formula  expressing  the  above  relation  is — 

W  x  =  w^  X'  +  w;"  J?"  -f       X'''  4-  m:^^  x^""  +  &c., 

or 

X  =     x^  -\-  7(;"  .T"  4-  w"'  .r"^  +  10^^  x"^^ 
W  ' 

in  which 

W  =  the  weight  of  the  entire  piece. 

X  —  the  distance  of  its  center  of  gravity  from  the  plane  of  reference. 
ic^  w'^       &c.  =  the  elementary  weights;  those  corresponding  to  cavities 
(as  the  bore,  chamber,  &c.)  being  regarded  as  negative. 

^"  d?"',  &c.  =  the  distances  of  their  respective  centers  of  gravity  from 
the  plane  of  reference. 
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Slioiild  the  ^iiii  W  lionio^^ciioous  tlir()u<;li()ut,  the  unit  of  wei«;ht  iiiiiy 
be  cancehMl  I'loiii  the  secoiul  iiieinber  of  equation  (A),  in  wliieh  case  it 
will  be  necessary  to  operate  with  tlie  vobimes  simply,  instead  of  the 
weights. 

in  guns  of  a  curved  exterioi",  lik(^,  those  of  the  Ivodnian  model,  it  is 
customary  to  divide  the  guii  up  by  a  system  of  i)arallel  planes,  at  right 
angles  to  the  axis,  and  in  numbers  such  that  the  elementary  volumes 
thus  formed  shall  closely  ai)proximate  some  regular  geometrical  figure, 
usually  the  conic  frustum,  of  which  the  volume  and  tlie  position  of  the 
center  of  gravity  admit  of  ready  calculation.  When  the  gun  is  to  be 
without  preponderance,  /.  c,  when  the  axis  of  the  trunnions  is  to  pass 
through  the  center  of  gravity,  the  weights  of  the  trunnions  and  rimbases 
may  be  omitted,  since  they  will  be  symmetrically  disposed  about  that 
axis. 

PREPONDERANCE. 

Where  it  is  desired  that  the  gun  shall  have  a  certain  preponderance, 
the  position  of  the  axis  of  the  trunnions  in  front  of  the  center  of  gravity 
of  the  gun  is  deterniined  as  follows :  The  weight  of  the  piece  is  sui)i)ort«'d 
by  the  elevating  device  and  the  trunnions.  The  i)ressure  on  the  ele\  a- 
ting  device  and  its  distance  from  the  center  of  gravity  are  known  ; 
therefore  the  distance  which  the  trunnions  should  be  x>laced  in  front  of 
the  center  of  gravity  to  support  the  remainder  of  the  weight  will  become 
known  from  the  i)roportion — 

p  :  (W  -  j))  : :  Y  :  /, 

or. 


in  which  })  represents  the  preponderance  ;  I  the  distance  of  the  point  of 
attachment  of  the  elevating  device  from  the  center  of  gravity ;  (W — p) 
the  weight  to  be  sustained  by  the  trunnions ;  and  Y  the  distance  of  their 
axis  from  the  center  of  gravity. 

APPROXIMATE  DETERMINATION  OF  THE  CENTER  OF  GRAVITY  BY  EX- 
PERIMENT—METHOD BY  DISTORTED  SECTION. 

(Plate  LXY.) 

A  figure  differing  from  a  longitudinal  half-section  of  the  gun  by  the 
substitution  in  the  j)lace  of  the  ordinates  representing  semi-diameters  of 
those  i)roportionate  to  the  squares  of  the  diameters,  is  cut  from  card- 
board or  other  material  of  uniform  weight  for  a  given  area.  In  this  a 
point  of  suspension  from  which  the  axis  assumes  a  horizontal  position 
is  readily  found  by  trial,  and  its  position  relative  to  the  length  of  the 
figure  is  the  same  as  that  of  the  center  of  gravity  in  the  gun. 

In  the  application  of  the  method  a  convenient  scale  for  the  length  of 
the  gun  and  for  abscissas  in  the  line  of  its  axis  is  one-tenth.  For  the 
ordinates  it  will  usually  be  convenient  to  take  one-hundredth  of  the 
square  of  semi-diameters. 

The  principles  involved  will  hardly  need  explanation.  Areas  are 
made  to  correspond  to  volumes,  and  occupy  the  same  relation  to  the 
center  of  gravity. 

An  extension  of  the  plan  gives  a  means  of  ascertaining  approximately 
the  weight  of  a  gun.    It  will  be  found  that  the  area  of  the  figure  drawn 
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Oil  the  scale  proposed  presents  one  square  inch  for  every  314:1.(3  cubic 
inches  of  the  volume  of  tlie  gun.  The  area  may  conveniently  be  found 
by  comparing  the  weight  of  the  irregular  piece  of  card-board  with  that 
of  a  carefully  measured  rectangular  piece  cut  from  tlie  same  sheet.  The 
volume  of  the  gun  being  found  in  cubic  inches,  the  only  remaining, 
step  to  find  its  weight  is,  of  course,  to  multiply  by  the  weight  per  cubic, 
inch. 

Card-boai'd  of  the  better  sort  is  commonly  very  uniform  in  weight  in 
parts  of  the  same  sheet.  This  is  especially  so  in  parts  lying  in  the  direc- 
tion of  the  length  of  the  sheet  in  which  the  length  of  the  figure  should 
be  made  to  conform. 

The  accuracy  of  the  results  will  depend  principally  on  the  care  and 
skill  with  which  the  method  is  applied. 

The  accompanying  drawing  Avill  serve  to  illustrate  the  relation  be- 
tween the  half-section  of  the  gun  and  the  figure  to  be  used  in  determin- 
ing the  center  of  gravity. 

Fig.  1  is  on  the  scale  of      and  Fig.  2  on  the  scale  j)roposed  above. 

The  dot  surrounded  by  a  small  circle  will  represent  the  point  of  sus- 
pension from  which  the  figure  will  take  the  position,  bringing  the  axis 
to  a  horizontal  line.  Other  dots  near  it  may  be  supposed  to  represent 
points  used  in  trial. 

In  the  above  determination  the  gun  is  supposed  to  be  homogeneous^ 
but  when  the  case  is  otherwise,  as  in  a  gun  built  up  of  different  metals, 
we  first  determine,  in  the  above  manner,  the  position  of  the  center  of 
gravity  of  each  system  of  metals  separately,  and  then  combine  the  re- 
sults for  the  center  of  gravity  of  the  entire  gun.* 

*  Method  proposed  l>y  Dr.  Woodbridge  and  Ca]>tain  Aiidr^. 
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Truls  of  mcla!s  for  cannon. 


[K\]mv'n\wntn  ol"  Cionoriil  Uchatius,  of  Austria.] 


)n  from  a  9- 
ch  gun. 

Bronze. 

•ught 
bars. 

in 

steel-bronze 
from  neari — 

□  from 
•under 

Cast  in  a  chill. 

^  a 

s  steel 
ander  j 

it  side. 

])t'r  .sciuarc 

O 

Natural 
state. 

Lami- 
nated. 

Styriau 
iron  ir 

Aft 

The  bo 

o 

QJ. 

H 

422. 
844. 
267. 
689. 
111. 
534. 
956. 
378. 
800. 
223. 
645. 
067. 


912. 
334. 
756. 
178. 
601. 
023. 
445. 
867. 
290. 
712. 
134. 


Resistance  to  rui>ture  i»er  square 
inch  

Limit  of  elasticity  lbs. . 

Extension  in  hun-  "i  elastic  

dredths  of  the  >  at  moment 
length  )  of  rupture. 

Section  at  the  point  of  rupture. 

Hardness,  length  of  cut. inches 

Number  of  blows  of  86.7.  foot 
pounds  to  break  a  bar  0.2  in- 
ches square  


Extension  in  one  liundred-thousandth  of  its  length. 


34, 419 
8,  534 
0.  033 

0.  40 
0.  96 
.402 


82, 144 
5.  689 
0.  035 

15. 
0.  66 


1-10 


43,  380 
5,  689 
0.  040 

40. 
0.54 
.492 


72,  053 
24, 179 
0. 170 

2.1 
0.  96 
.402 


66,  847 
15,  645 
0.  037 

22. 
0.  62 
.413 


0 
0 

0  I 
0 

0  ' 
0 

0  I 
0 
0 
3 
5 
7 
10 
14 
20 
31 
38 
48 
120 
252 
360 
586 


68,269  I  69,336 
12,800  ;  25,601 
0.034  !  0.110 


21.4 
0.  50 
.413 


209. 


2.5 
0.  96 
.413 


255. 


Stecl-hronze  guns. 


[P]xperimeuts  of  Greueral  Uchatius.  of  Austria.] 


Physical  properties. 

Neai'  f 
Bore. 

he— 
Outside. 

Resistance  to  rupture,  pounds  per  square  inch  

Hardness  (length  of  cut)  

60,  447 
15,  645 

2.  79 
16.5 
0.  306 
0.  56 
0.  417 
1,591 

47, 220 
7,  111 
1.33 
0.  50 
0.  060 
0.  50 
0.472 
839 
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TaMe  of  results  obtained  by  mandreUng  steel. 


[From  experiments  of  General  Ucliatius,  of  Austria.] 


0  rnp- 

ds  per 

sticity, 
square 

Elongations,  in  per  cent, 
of  the  length. 

Hardness  (length  of 
cut  in  inches). 

Substance  submitted  to  fracture. 

Resistance  t 
ture,  poun 
square  inch 

Limit  of  ela 
pounds  per 
inch. 

At  rupture. 

Bar  of  Krupp  steel,  2.95  inches  long, 

68, 130 
68, 130 

12,  774 
28,  387 

21.5 
20 

0.  034 
n  ifin 

0.  423 

Bar  similar  to  the  above  subiected 
for  24  hours  to  a  load  of  1,650 
pounds,  producing  an  elongation 

Diameter. 

Exterior. 

.2 

Steel  ring  of  same  qual- 
ity as   above,  man- 
dfeled  twice : 
Before  mandreling. . 
After  mandreling  . . 

9.  429 
9.  498 

6.736 
6.  807 

'  68,130 
80,  419 

12,  774 
28,  387 

21.5 
14 

0.  034 
0.  no 

Diamete'r. 

Near  the— 

Exterior. 

u 
o 

I 

M 

Exterior. 

2 

o 
W 

Exterior. 

.  s 

o 
W 

Exterior. 

© 
o 
PQ 

Exterior. 

o 
M 

In  the 
bore. 

Cylinder  of  very  soft 
Newberg  steel,  man- 
di-eled  seven  times : 
Before  mandreling  . 

9.  937 

3.  086 

59,  612 

9,  935 

26 

0.  025 

0.  445 

After  mandreling  . . 

9.  944 

3.  228 

70,  683 

91, 122 

14, 193 

28,  587 

25.3 

15 

0.  Ill 

0. 143 

0.  420 

Diameter. 

Exterior. 

u 
o 

s 

PI 

Cylinder    of  medium 
Newberg  steel,  man- 
dreled  once : 

Before  mandreling  . 

After  mandreling  . . 

9.  940 
9.  973 

3. 149 
3.179 

72,  955 
72,  671 

90,  837 
121,  780 

8,  516 
11,  355 

17,  032 
45,  677 

18 
16 

16 
8 

0.  030 
0.  030 

0.189 
0.  354 

0.  382 
0.  370 
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ICNCLlSll  (IIIN-METAT.S. 

Tuble  shoiciiii/  tliv  claslir  limit  (oid  teiiucih/  of  areragc  Hpecimntu  of  the  meidh  used  in  the 

]{'.  ().  /''. 


Materials. 


Hronze . . 
Cast  iron. 


AVroujrlit  iron  along  its  fiber. 
Steel. 


From 
To  ... 


Soft . 

Tempered  in  oil 


'i'ons  per  square  incli 

at— 

Yielding. 

Breaking. 

C.8 

14.9 

About  4 

C  9.0 
\  14.0 

11.  0 

22  0 

i:i.  0 

31.  0 

31.0 

1 

47.0 

a  0) 

5  «^  s-i 


0.  29 


0.3 

0.21 

0.11 


These  numbers  show,  of  course,  only  a  rough  average,  approximating  with  reference  to  the  particular 
natures  of  tlie  metals  mentioned  whieli  are  used  in  the  li.  G.  F. 

ITALIAN  BRONZE. 
[Experiments  of  General  Rosset.] 


Bumze  guns. 


Alloys  melted  in  crucibles  and  cast  in  a 
chill. 


Analysis  of  100  parts  of  alloy : 

Tin   

Zinc  

Phosphorus  


Total. 


Force  of  rupture  on  primitive  sec- 
tion  pounds. 

Ratio  of  section  of  rupture  to  primi- 
tive section   per  cent 

Limit  of  elasticity  pounds. 

Elongation  in  thousandths  to  limit 
of  elasticity   

Co-efficient  of  elasticity  

Apparent  density  

Empty  space,  per  cent,  of  the  mass 

Hardness  

Limit  of  cohesion  pounds. 


Common,  cast  in 
sand. 

Phosphor  in  chill. 

'o 
a 
a 

1 
i 

o 

Phosphor  bronze, 
No.  3. 

Binary  iiUoy. 

BL  9. 

BLll. 

NL5. 

N  L  i. 

9. 17 

9.  43 

10.  06 

9.  51 
0.  56 
L  12 

8.  81 

10.  86 

7.  53 
2.  97 

8.  21 
1.  04 

0.  51 

9. 17 

9.  94 

10.  06 

11. 19 

8.  81 

10.  86 

10.  50 

9.  25 

36,  979 

41,  815 

48,  073 

56,  465 

48,  073 

42,  099 

46,  793 

44,  802 

71 

78 

66 

90 

65 

86 

62 

77 

15,  645 

16,  856 

16,  356 

10,  667 

13,  739 

16, 114 

14,  223 

15, 176 

0.  96 

1.  08 

0.  95 

0.  78 

0.  90 

L  00 

1.  00 

1.  00 

11,  458 

10,  645 

11,  648 

9,  806 

10,  733 

11,  330 

10,  000 

10,  359 

8.  86 

8.  30 

8.  53 

8.  40 

8.  89 

8.  87 

8.  85 

8.  82 

6.  26 

3.68 

3.  62 

L  74 

0. 11 

0.  22 

1  36 

1.40 

2.  50 

5.  22 

5.  35 

6.9 

5.  53 

4.  87 

5.  37 

6.  27 

17,  067 

19,  201 

19,  201 

18,  490 

19,  912 

17,  067 

17,  067 

Physical  properties  of  low  and  medium 


2  i 

s  g 


7.  855 


Density  

Absolute  tenacity  . 
Ultimate  resistance 
to  pulling  stress  . 
Elastic  limit  under 

£ulling  stress  
ligation : 

Ultimate  

Elastic  

Hardness   I    16.  2 


110,  000 

86,  000 

68, 129 

38,  500 

12,  774 

0". 17500 

0".  215 

0".00230  0".  0034 

16.2 



7. 8484  i 
7.  8034  (?)' 


57,  000  to  72,  000 

18,  000  to  23,  000 

.1385  to0".0765 
.00065  to  0". 00083 
12.  14  ! 


74, 000  to  80, 000 
41, 000  to  48, 000 
0".  17to0".  13 


88,  000 
51,  000 
0".  14 


American. 


7. 8682 


67,  000 
33,  000 


0". 260 
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EelaiU'C  properties  of  metals  ht  general. 


TABLE  OF  TENACITY. 


Lead   1 

Tin   li 

Zinc   2 

Palladium   Hi 

Oold   12 


Silver   12^ 

Platinum   15 

Copper   18 

Iron   27  i 

Steel   42 


TABLE  OF  MALLEABILITY. 


1.  Gold. 

2.  Silver. 

3.  Copper. 

4.  Tin. 


5.  Platinum. 

6.  Lead. 

7.  Zinc. 

8.  Iron. 


TABLE  OF  DUCTILITY. 


1.  Gold. 

2.  Silver. 

3.  Platinum. 

4.  Iron. 

5.  Copper. 


6.  Palladium. 

7.  Aluminum. 

8.  Zinc. 

9.  Tin. 
10.  Lead. 


TABLE  OF  SPECIFIC  GRAVITIES  OF  METALS. 


Platinum   2U      21.53    Nickel.   8* 


Gold   19i  19.  34 

Mercury   13f  13.59 

Palladium   Hi  11.8 

Lead   IH  IL  36 

Silver   10^  10.53 

Bismuth.   9^  9.79 

Copper   9  8. 95 


8.82 

Iron   74  7.  84 

Tin   7i  7.29 

Zinc   7i  7.14 

Antimony   6|  6.71 

Aluminum   2f  2.67 

Magnesium   If  1.74 


TABLE  OF  CONDUCTING  POWER  FOR  HEAT. 


1.  Silver. 

2.  Gold. 

3.  Copper. 

4.  Aluminum. 

5.  Ziuc. 

6.  Iron. 


7.  Tin. 

8.  Platinum. 

9.  Lead. 

10.  Antimony. 

11.  Bismuth. 


TABLE  OF  CONDUCTING  POWER  FOR  ELECTRICITY. 


Silver  1000. 


Copper   999 

Gold   779 

Zinc   290 

Palladium   184 

Platinum   180 

Iron   168 


Nickel   131 

Tin   123 

Lead   83 

Antimony   46 

Bismuth   13 


TABLE  OF  FUSIBILITY. 


Melts  at — 

Tin   442°  Fahr. 

Cadmium   442 

Bismuth   507 

Lead   617 

Zinc   773 

Antimony*   1, 150 


Melts  at — 

Silver   1,  800°  Fahr 

Copper   1,990 

Gold   2,  000 

Cast  iron   2,780 

Steel   4,  000 

Wrought  iron   4,000 


*  Estimates  of  temperature  above  the  fusing  point  of  zinc  cannot  be  regarded 
exact,  on  account  of  the  difficulty  of  ascertaining  them. 

Platinum  melts  only  in  the  oxy-hydrogen  blow-pipe  flame. 
The  above  tables  are  from  Professor  Bloxam's  work  on  metals. 
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1 
! 

•Ht>),l  l»J?HJU.>OJO^J 

82.85 
69.17 
78.  61 
77.6 
67.T4 
!     67. 40 
67.  09 

! 

•niniui 

-XtltU  1)0H!11I.»H!J 

Energy  pe 

Foot-ton^. 
86. 83 
71.82 
70.  87 
71.71 
71.88 
66.  66 
69.7 

75.  59 

76.  24 
79.84 
88.  32 
76.24 

91.18 
82.  96 
88.71 
87.83 
81.23 
82.  33 
82.53 

85.  21 
81.64 
83.56 
83.  78 
81.59 

f 

> 

Feet. 
1,  541 
1,579 
1,  612 
1,610 
1.748 
1,  596 
;    1,718  j 

2,  036 
1,  907 
1,  795 
1,671  i 
1.  832 

1,  735 
1,  557 
1,  500 
1,400 
1,  495 

1 

•o.roq 
ni  atuuiOA  {B^ox 

8.  906 
10.  481 

12.  893 
18.71 

13.  043 

Projec- 
tile. 1 

i         s  s 

•qom  oui 
-no  aad  '4iiSia^ 

iTiiTiiiTi 

tD 

O 

•a.in^BK 

Hexagonal..! 

....do  1 

...do  

Cannon  

New  mortar. 
....do   

Mammoth  .. 

Hexagonal.. 

Mammoth  ..1 

....do   

....do  1 

Mortar  

f 
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4,000  yds. 
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I. — SHOT,  SHELL,  ETC. 


Nomenclature^  dimensions^  and  iveights. 

Classification. — Projectiles  may  be  classified  according  to  their  form, 
as  spherical  and  elongated,  the  former  pertaining  to  smooth-bore  antl 
the  latter  to  ritled  guns. 

Projectiles  may  be  further  classified  according  to  their  structure  and 
mode  of  operation,  as  solids  hollow,  case  shot,  and  canister,  the  different 
kinds  according  to  calibers  and  weights. 

/Solid  and  cored  projectiles. — Produce  their  effects  by  impact.  They  are 
made  of  cast  iron,  chilled  cast  iron,  and  steel.  They  are  known  as  solid 
shot,  cored  shot,  or  battering  shell. 

Shells. — IJnder  the  head  of  hollow  shot  are  included  shells  for  gnus, 
howitzers,  and  mortars,  and  grenades.  They  are  classed  according  to 
calibers  and  weights,  and  act  both  by  impact  and  explosion.  The  prin- 
cipal parts  are  the  cavity  for  the  bursting  charge  5  the  fuse  hole  through 
which  the  charge  is  inserted  and  which  holds  the  fuse ;  and  the  ears,  two 
small  recesses  near  the  fuse  hole,  for  carrying  the  shell. 
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Case-shot. — Are  a  collection  of  small  projectiles  in  a  case  or  envelope. 
The  envelope  is  broken  by  the  shock  of  the  discharge,  or  at  any  point  of 
flight,  by  an  inclosed  charge  of  powder.  The  kinds  in  use  Sive  grape, 
canister,  and  shrapnel,  or  case  shot. 

Grape-shot. — A  stand  of  grape  consists  of  three  layers  of  cast  iron 
balls  J  a  top  and  bottom  plate ;  two  rings  for  the  intermediate  layers  ; 
and  a  screw  bolt  and  nut  passing  through  and  uniting  the  plates.  A 
rope  handle  is  passed  through  holes  in  the  upper  plate  and  secured. 
Used  for  field,  siege,  and  mountain  service. 

Canister-shot. — A  canister-shot  consists  of  an  envelope  of  metal  con- 
taining layers  of  iron  or  lead  balls.  When  tin  is  used  for  the  enveloi)e, 
a  top  and  bottom  plate  of  iron,  kept  in  place  by  lapping  the  cut  edges  oi 
the  envelope  over  them,  are  employed.  The  top  ])late  has  a  wire  handle 
attached  to  it.    Used  for  field,  mountain,  siege,  and  seacoast  service. 

Shrapnel,  or  case-shot. — The  envelope  is  a  thin  cast-iron  shell  of  about 
one-half  the  weight  of  a  solid  shot  of  the  same  caliber,  filled  with  round 
lead  or  iron  balls,  held  in  place  by  melted  sulphur  or  resin,  or  packed 
charcoal,  a  hole  being  bored,  or  otherwise  provided,  to  contain  the  burst- 
ing charge.  The  fuse  hole  may  be  partially  closed  by  a  screw  plug  of 
iron  with  a  small  vent  for  passage  of  the  flame  to  the  charge.  Used 
for  field,  mountain,  and  siege  service. 

Grenades. — The  ha7id  grenade  is  a  small,  thin,  case  projectile,  filled  with 
a  bursting  charge  of  powder,  primed  with  a  percussion  primer.  It  is 
thrown  by  hand,  and  explodes  on  striking.  The  rampart  grenades  are 
larger  shells,  filled  ^vith  barsting  charges  and  short  fuses.  They  act  by 
their  force  of  exi)losion. 

SHOT. 


Diameter.-iurhes..  19.  85  14.86  12.87 
Weight. -.poimds..  1,060  j    448  283 


9.  87 
128 


7.  88  I  5.  68 
65  24.3 


Kemaiks. 


4.  52  I  Shot,  shell,  grape  and  canister  shot, 
12.  25  I     take  the  name  of  the  piece  in  whick 
they  are  used.    Grape  and  canister 
I     are' so  made  that  a  certain  number 
I     will  chamber  in  the  bore. 
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The  8-inch  mortar  shell  is  used  in  the 
8-inch  siege  howitzer. 

The  15- inch  shell  is  14.85  inches  in  diam- 
eter ;  it  has  ears  at  the  extremities  of 
the  diameter  at  right  angles  to  the  fuse 
hole.    Thickness,  2.5  inches. 

The  fuse  holes  of  .shells  and  spherical 
case-shot  for  the  fuse-plug  taper  0.15 
inch  to  1  inch. 

Spherical  case-shot. 

•japanod  St 

<M  in  I-  S^l          (M  lO 

Tji  d  d  d  d  d  1-5  d 

6.22  1 

•japanod-^ 

in  in 

00  in    c<i       CO  in 
ominini-i'><j<;ot^ 

indddr-5drHd 

12.  32 

•qoxn-8 

in  in 

00      (MM          M  in 

oot-t-toinT}<tor^ 

t~OeOT-IOrHO 

30.  36 

Shell. 

Field  guns  and 
howiters. 

•japunod-gt 

(N     ■>*  «o  un 
»nt-t>«oo 

d  d  d  rH 

0.9 
0.743 

8.  34 

•aapunod-fs 

00     in  in  in 

O  C5  05  00  CO 

in  d  d  d  1-5 

0.9 
0.  698 

16.8 

For  mortars. 

•japunod-^S 

00     in  in  in 
CO  OS     00  CO 

0.9 
0.698 

16.8 

•qauT-g 

00  in  ec  in 

CO  IM  0?  -H  5^1 

CO 
CO  i-i 

•qooi-OT 

oo«>i>in«o 

05  r-5  T-5  1-5 

in  .-1 
t-  in 

r-5  r-5  CO  00 

00 

•qoui-8I 

r»    in  m 
00  in  ®  CO  in 

IN  ci  iri  IN 

in 
00  w 

1-5  r-5E-Q0 

IN 

For  S.  C.  guDS. 

•qom-8 

7.88  i 

1.5 

1.58 
1  1.42 

2.25 


00 
CO 
CO 

•qoni-oi 

00       i-l  05 
OS  IN  (N  rH  fO 

in 

r-5  iH  O  «<« 

o 

t 

a 

£ 

c 

S  ®  rt 

U  U  (S 

a 

o 
"o 

s  'c 

a 

IX)  a 
S  Z 
*«  «^ 
t~ 

O  a 
m  t 
m  a 
D  a 
B  e 

.2  .2 

Denth  of  lecess  for  fuse   

1.2 

«  t 
1  ^ 
I  I 

«  Es 
'S  i 
§3  « 

a  .2 
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Large  inclies. 

Sin^,  new  .  ..do. .. 
Small,  old  do . . . 


19.90 
19.  84 


14.  90 
14.84 


12.  90 
12.84 
12.  80 


11.  90 
11.84 


9.84 
9.  80 


7.  90 
7.  85 
7.  80 


5.  70 
5.  65 
5.  61 


4.  53 
4.  49 
4.  46 


For  manner  of  uain.ir, 
&c.,  see  inspection 
of  shot  and  shell. 


SHRAPNEL  FOR  RIFLED  GUNS. 


Diameter  inches. 

Length  do. .. 

Thickness  of  metal  at  .sides  do. . . 

Thickness  of  metal  at  bottom — do . . . 
Thickness  of  metal  at  fuse  hole  .  do . . . 


4. 5-inch.  3-inch 


4.  43 
8.2 

.625 

.7 
2. 


4.  45 
1.5 

.15 

.1 


2.  93 


2.  93 
1.5 

.15 

.1 


Remarks. 


Thickness  at  end  of  cup. .  .0.25  incii. 

Depth  of  cup  0.5  inch. 

Diameter  of  fuse  hole  1.  incb. 


The  soft  metal  is  attached  by  casting,  the  base  of  the  projectile  being  under-cut  and  cross-cut.   Bra^  s 
sabots  are  attached  by  casting ;  by  screwing  on  the  base  of  the  projectile,  or  forcing  a  sleeve  over 
part  of  the  projectile  prepared  for  its  reception  by  grooves  and  chisel  cuts. 

Grenades. — Six-pounder  spherical  case  may  be  used  for  hand,  grenades.  Shells  of  any  caliber  for 
rampart  grenades,  or  Ketchum's  hand  grenades. 


Grape-shot. 


*  Canister, 


o 
a 

00 

24-pounder. 

12-pouuder. 

i 

8-iuch. 

24-pouuder. 

i 

=3 
o 

3-inch  rifle. 

Mouutaiii  how- 
itzer. 

Diameter  of  large  gauge,  .inch. 
Diamet-er  of  small  gauge. .  .do. . 
Mean  weight  pounds. 

3.  60 
3.  54 
6.1 

2.64 
2.  60 
2.4 

2.  06 
2.  02 
1. 14 

Lead  balls.  |  Lead  balls. 
1    11  to  the  pound.  | 

1.  49 
L  46 
0. 43 

.69 

J  Musk 

.69 

3t-ball. 

Sawyer  canisters  are  filled  with  cast  iron  balls;  the  upper  end  is  closed  with  a  sheet  iron  disik  secured 
place.    (See  Plate  VI.) 

For  dimensions  and  weights  of  projectiles  for  rifled  guns.    (See  Plates  III,  IV.) 


Diameters  of  cast-iron  halJs  from  ^  pound  to     pounds  weight. 


Weight. 

Diameter. 

Weight. 

Diameter. 

Weight. 

Diameter, 

Weight. 

Diameter. 

Lbs.  ozs. 

Inches. 

Lbs. 

Inches. 

Lbs. 

Inches. 

Lbs. 

Inches. 

0  4 

1.  231 

9 

4.  065 

23 

5,  531 

37 

6.  512 

0  6 

1.403 

10 

4.211 

24 

5,  639 

38 

6.  570 

8 

1.  551 

11 

4. 346 

25 

5.714 

39 

6.  627 

0  10 

1.  665 

12 

4.  474 

26 

5.  789 

40 

6.  m 

0  12 

1.  701 

13 

4.  595 

27 

5.  862 

41 

6.  73.S 

{!  14 

1.  865 

14 

4.  710 

28 

5.930 

42 

6.  7!!'! 

1 

1.  954 

15 

4.819 

29 

6.004 

43 

6.  840 

2 

2.  462 

16 

4.  924 

30 

6.  068 

44 

6.  898 

3 

2.819 

17 

5.025 

31 

6.140 

45 

6.  951 

4 

3. 104 

18 

5. 121 

32 

6.  205 

46 

7.  002 

5 

3.  341 

19 

5.  215 

33 

6. 268 

47 

7.  052 

6 

3.  551 

20 

5.  304 

34 

6.330 

48 

7. 101 

7 

3.  738 

21 

5.  392 

35 

6.392 

49 

7. 14-. 

8 

3.  908 

22 

5.  476 

36 

6.442 

50 

7.  lO.S 

Cast  iron  balls  are  also  used  with  canister. 
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LEAD  BALLS. 
IHmnelera  of  had  halls  from  1  to  :>2  lo  the  pound. 


1  No.  of  balls  to 
1     1  pound. 

"5 

o 

M  . 
|1 

"5 
5 

o 

00  . 

5  g 

i 
s 

Xo.  of  balls  to 
1  pound. 

H 
'Z 

3 
« 

1 
2 
3 
4 
5 
(> 
7 

Invh. 
1.  670 
1.326 
1.157 
1.  051 
.977 
.919 
.873 
.835 

9 

30 
11 
12 
13 
14 
15 
26 

Inch. 

0.  803 
.  775 
.751 
.730 
.710 
.  693 
.  676 
.663 

17 
18 
19 
20 
21 
22 
23 
.4 

Inch. 

0.  650 
.638 
.626 
.615 
.  605 
.  596 
.  587 
.  579 

25 
26 
27 
28 
29 
30 
31 
32 

Inch. 
0.  571 
.504 
.  557 
.  550 
.  544 
.537 
.  531 
.526 

II. — SPHERICAL  PR O.JEC TILES. 


Fabncation. 

With  the  exception  of  grape  and  canister  shot,  which  are  cast  in  iron 
mohls,  all  spherical  projectiles  are  cast  in  sand.  The  sand  used  for  the 
mold  should  be  silicious,  of  an  angular  grain,  and  a  moderate  degree  of 
hneness.  When  mixed  into  molding  composition  it  should  be  suffi- 
ciently adhesive  to  retain  its  shape  when  pressed  m  the  hand. 

Case  shot,  shell,  and  all  solid  shot  smaller  than  the  15-inc'h  are  cast 
singly.  Fifteen  and  twenty  inch  solid  shot  are  usually  cast  in  clusters 
of  live  and  three  respectively.    (Plate  VIII.) 

Whe^  cast  singly,  the  pattern  of  a  spherical  projectile  is  composed  of 
two  hollow  cast  iron  hemjsi)heres  which  unite  in  such  a  manner  as  to 
form  a  perfect  sphere  ;  on  the  interior  of  each  hemisphere  is  fastened  a 
handle  to  enable  the  operator  to  draw  it  from  the  sand  when  the  half- 
mold  is  completed. 

The  flash  which  contains  the  mold  is  made  of  iron,  in  two  equal  sec- 
tions which  are  united  at  their  larger  bases.  The  other  ends  are  fitted 
with  movable  covers.    (Plate  VIII.) 

The  operation  of  molding  is  performed  by  placing  the  flat  side  of  one 
ot  the  hemispheres  on  the  molding-board  and  covering  it  with  a  section 
ot  the  flask.  The  molding  composition  is  then  poured  in,  fillin  -»^  up  the 
entire  space  between  the  flask  and  hemisphere,  and  is  well  rammed. 
The  cover  is  then  attached  and  the  mold  turned  over,  the  hemisphere 
IS  withdrawn  and  the  interior  surface  is  painted  with  coke-wash  and 
dried. 

The  remaining  half  of  the  mold  is  formed  in  the  same  way,  except 
that  a  channel  for  the  introduction  of  the  melted  iron  is  made  by  the 
insertion  of  a  round  stick,  which  is  withdrawn  after  ramming  down  the 
composition.  This  channel  connects  with  the  mold  by  a  grade  at  the 
side,  m  order  to  avoid  breaking  its  surface  with  t]ie  fiiliing  metal 

Eolloiv])rojecm€s.—T\\\i^f-^v  the  operations  of  molding  and  casting 
solid  and  hollow  projectiles  are  the  same.    The  cavity  of  a  hollow  pro 
jectile  is  made  by  the  insertion  of  a  core.    This  is  a  sphere  of  the  proper 
size,  made  by  compressing  molding  composition  bv  means  of  a  core-box 
on  a  hollow  iron  stem  or  spindle. 

The  core-hox  (Plate  YIII)  consists  of  two  hemispherical  cups.  The 
lower  one  is  made  m  two  sections,  which  are  so  constructed  as,  when 
united,  to  receive  and  hold  the  spindle  in  place,  and  also  to  form  a  base 
tor  the  core-box  to  rest  upon  while  being  filled. 


202 


REPORT  OF  THE  CHIEF  OF  ORDNANCE. 


The  core  is  formed  b\  pouriug  tlie  eompositiou  into  tlie  opeiiin.i^  at 
the  to})  of  the  upper  cup  aud  ramming  it  down  until  the  interior  space 
is  filled.  The  surface  at  the  opening  is  then  rounded  off  with  a  former, 
and  the  core-box  is  removed.  The  core  is  then  thoroughly  dried  in  an 
oven  and  afterward  painted  with  coke-wash. 

The  core  is  centered  in  the  mold  by  means  of  a  gauge  and  is  supported 
in  that  position  by  the  spindle  which  forms  the  fuse  hole.  The  spindle 
is  perforated  with  small  holes  to  allow  the  escape  of  steam  and  gas 
generated  by  the  heat  of  the  melted  metal ;  that  part  of  it  which  forms 
the  fuse  hole  is  coated  with  sand  to  prevent  adhesion. 

When  the  ears  for  the  shell-hooks  are  cast  in  the  projectile  the  neces- 
gary  projections  for  their  formation  are  placed  in  i)osition  before  dryinj* 
the  mold. 

In  pouring  the  melted  iron  into  the  mold  with  the  ladle,  care  should 
be  taken  to  prevent  scoria  and  dirt  from  entering  with  it,  and  for  this 
purpose  the  surface  should  be  skimmed  with  a  stick  of  wood. 

After  the  iron  has  become  sufficiently  hardened  the  flask  is  removed, 
the  sprue-head  is  broken  olf,  and  the  composition  scraped  from  the  out 
side  of  the  casting.  The  core  is  then  broken  up  and  removed,  and  the 
interior  surface  cleaned  by  a  scraper.  The  projection  at  the  gate  and 
other  excrescences  are  next  chipped  off  and  the  surface  of  the  projec- 
tile is  smoothed  in  a  rolling  barrel,  or  with  a  file  or  chisel  if  necessary. 
The  fuse  hole  is  then  reamed  out  to  tlie  proper  size  and  the  projectile  is 
ready  for  inspection. 

Cluster  shot. — AVhen  shot  are  cast  in  clusters,  tlie  pattern  is  made  of 
wood  and  consists  of  two  longitudinal  halves  (Plate  IX),  which  are 
fitted  with  iron  pins  or  dowels  so  that  they  can  be  accurately  joined 
together  for  the  construction  of  the  mold. 

The  cluster  is  cast  with  a  sinking  head'  to  feed  the  shrinkage,  while 
the  shot  are  made  with  a  diameter  slightly  in  excess  of  the  required  one, 
to  permit  of  their  being  turned  down  and  finished. 

The  ilaslx  (Plate  IX)  is  also  made  in  two  equal  parts  or  sections  whicii 
are  united  by  bolts.  The  back  of  each  section  is  fitted  with  movable 
plates  to  admit  of  the  introduction  of  the  molding  composition. 

To  form  the  mold  one-half  of  the  pattern  is  laid  upon  the  molding- 
board,  together  with  the  pattern  for  one-half  of  the  channel  for  the 
metal,  both  being  held  in  place  by  dowels.  A  section  of  the  flask  is 
then  placed  in  position  over  the  patterns  and  the  intervening  space  is 
filled  with  molding  composition,  which  is  firmly  rammed  down,  the 
patterns  for  the  branches  to  the  channels  being  introduced  as  the  work 
progresses.  The  plates  are  then  attached  in  their  places.  To  form  the 
other  section  of  the  mold,  the  finished  one  is  removed  from  the  molding- 
board  and  turned  over,  the  remaining  halves  of  the  patterns  and  flask 
are  placed  in  x>osition  ujion  it,  and  the  molding  composition  filled  in  in 
the  same  manner.  A  layer  of  dry  sand  is  first  sprinkled  over  the  sur- 
face of  the  finished  section  to  prevent  adhesion. 

The  mold  being  completed,  the  two  sections  are  separated  and  the 
patterns  withdrawn.  After  being  thoroughly  dried  in  an  oven  and  re- 
ceiving a  coating  of  coke- wash  on  the  interior  surface,  the  sections  are 
united  and  firmly  secured  together  with  bolts  and  nuts.  The  mold  is 
then  ready  for  the  casting  and  is  lowered  into  the  pit. 

Several  clusters  are  usually  cast  with  one  heat  of  metal,  the  number 
depending  upon  the  capacity  of  the  furnace. 

The  casting  is  usually  allowed  to  remain  in  the  pit  for  twelve  or  fif- 
teen hours  after  the  i>ouring  of  the  metal,  when  it  is  hoisted  out  and 
taken  from  the  flask.  After  it  becomes  cool  it  is  freed  from  the  adher- 
ing composition  and  the  gates  are  broken  oft. 
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To  separate  the  shot  in  the  cluster,  the  latter  is  placed  in  a  latlie,  the 
sinking-head  being  secured  in  the  chuck  at  the  liead  of  the  machine, 
while  the  other  end  is  supported  by  a  movable  center  which  slides  upon 
the  ways.  When  the  cluster  is  properly  centered,  the  necks  w  hich  (jon- 
nect  the  shot  are  turned  down  as  small  as  it  is  safe  to  make  them  with- 
out risking  the  breaking  of  the  cluster  in  the  lathe. 

The  neck  nearest  to  the  bottom  is  then  carefully  turned  down  nntil  it 
begins  to  show  indications  ot  breaking.  The  cluster  is  then  chocked 
up  by  placing  blocks  between  it  and  the  lathe-bed,  the  center  is  sbd 
back,  and  the  shot  is  broken  off  by  blows  with  a  hammer  and  remov^ed. 
The  cluster  is  then  receutered  in  the  lathe,  and  the  shot  are  successively 
detached  in  a  similar  maniier  until  all  are  separated. 

Care  should  be  taken  to  preserve,  as  far  as  practicable,  a  s])herical 
form  to  that  jiortion  of  the  surfiice  where  the  neck  is  turned  away. 
The  small  portions  of  the  necks  which  remain  after  the  sei)aration  are 
chipped  off  by  hand. 

The  shot  is  next  placed  in  the  shot  lathe  (Plate  X),  where  it  is  turned 
down  to  the  required  diameter  and  given  a  smooth  and  finished  surface. 
The  tool-rest  of  this  lathe  isattacliecl  to  a  geared  wheel,  which  is  pivoted 
in  a  horizontal  position  upon  an  iron  frame  secured  to  the  lathe-bed. 
The  motion  of  this  wheel  by  means  of  a  feed  causes  the  edge  of  the  tool 
to  move  on  the  arc  of  a  circle,  its  distance  from  the  center  of  the  circle 
meanwhile  being  regulated  by  a  screw  in  the  base  of  the  rest.  The  shot 
is  centered  in  the  lathe  by  means  of  a  square-headed  screw  in  the  axis 
of  the  wheel. 

In  turning  the  shot  it  is  made  to  revolve  upon  that  diameter  which 
coincides  with  the  axis  of  the  lathe,  while  the  movement  of  the  tool-rest, 
as  above  described,  brings  the  tool  in  contact  with  all  of  the  surface 
which  is  not  covered  by  the  supports. 

In  this  position  the  shot  is  linished  as  far  as  practicable,  and  is  then 
receutered  so  that  the  unturned  portions  of  the  surface  can  be  brought 
in  contact  with  the  tool,  when  they  are  finished  in  like  manner. 

The  ears  for  the  shell-hooks  are  then  drilled  in  a  drilling  machine  and 
the  shot  is  ready  for  inspection. 

Fifteen-inch  and  20-inch  shell  are  sometimes  cast  above  size  and 
finished  in  the  shot-lathe  in  the  same  way  as  cluster  shot. 

Insjyection  of  spherical  projectiles, 
(Plates  XY,  XYI.) 

SHOT. 

The  inspecting  instruments  required  are  one  large  and  one  small  gauge 
and  one  cylinder-gauge  for  each  caliber.  The  cylinder-gauge  has  the 
same  diameter  as  the  large  gauge  it  is  made  of  oast  iron  and  is  five  cali- 
bers long.  The  large  and  small  gauges  are  made  with  a  difference  in 
diameter  of  0.02  inch  for  projectiles  turned  in  a  lathe,  and  0.04  inch  for 
those  not  so  turned.  All  these  gauges  should  be  verified  from  time  to 
time,  and  when  they  have  become  0.01  inch  larger  than  their  true  diam- 
eter they  should  no  longer  be  used. 

One  hammer  having  a  flat  face  and  a  conical  point. 

One  searcher  of  steel  wire. 

One  cold-chisel. 

Steel  punches. 

Figure-stamps. 
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The  sLot  should  be  inspected  before  they  become  rusty  ;  after  beiug 
well  cleaned  each  shot  should  be  carefully  examined  to  see  that  its  sur- 
face is  smooth,  that  the  metal  is  sound  and  free  from  seams,  flaws,  and 
blisters.  If  cavities  or  small  holes  appear  on  the  surface,  strike  the 
point  of  the  hammer  or  punch  into  them  and  ascertain  their  depth  with 
the  searcher;  if  the  de])th  of  the  cavity  exceeds  0.2  inch,  the  shot 
should  be  rejected.  The  discovery  of  any  attempt  on  the  part  of  those 
engaged  in  the  fabrication  of  the  shot  to  conceal  such  defects  by  filling 
up  the  holes  should  insure  rejection. 

The  shot  must  pass  in  every  direction  through  the  large  gauge  and 
not  at  all  through  the  small  one,  and  the  mean  of  their  diameters 
should  be  nearer  that  of  the  former  gauge  than  of  the  latter. 

After  having  been  thus  examined,  the  shot  are  passed  through  the 
cylinder-gauge,  which  is  placed  at  an  inclination  of  about  two  inches 
between  the  two  ends,  and  supported  on  blocks  of  wood  in  such  a  mau- 
ner  as  to  be  easily  turned  from  time  to  time  to  i)revent  its  being  worn 
into  furrows.  Shot  which  slide  or  stieJc  in  the  cylinder  should  be  re- 
jected. 

The  average  weight  of  shot  of  10  inches  and  under  is  deduced  froin 
that  of  three  parcels  of  20  to  50  each,  taken  indiscriminately  from  the 
pile ;  some  of  those  which  appear  to  be  the  smallest  should  be  also 
weighed,  and  if  they  fall  short  of  the  prescribed  weight  of  their  caliber 
by  more  than  one  thirty- second  part,  they  should  be  rejected.  Shot  of 
larger  caliber  than  10  inches  should  each  one  be  weighed  by  itself  an<l 
its  weight  stamped  upon  it  near  one  of  the  ears  for  the  sliell-hooks. 

(iRAPE  AND  CANISTER  SHOT. 

The  dimensions  are  verified  by  means  of  a  large  and  small  gauge  at- 
tached to  the  same  handle.  The  surface  of  the  shot  should  be  smooth 
and  free  from  seams  aiul  cavities. 

SHELLS  AND   CASE  SHOT. 

The  following  inspecting  instruments  are  re(]uired  in  addition  to  those 
used  in  inspecting  shot,  viz  : 

Calipers  for  measuring  the  thickness  of  the  projectiles  at  the  side. 

Calipers  for  measuring  the  thickness  at  the  bottom. 

Gauges  for  the  dimensions  of  the  fuse-hole,  and  for  the  thickness  of 
metal  at  the  fuse-hole. 

A  pair  of  haud-helloivs  ;  wooden  plugs  to  fit  the  fuse-hole  and  bored 
through  to  receive  the  muzzle  of  the  bellows. 

The  surface  of  the  shell  and  its  exterior  dimensions  are  examined  as 
in  the  case  of  shot,  particular  attention  being  paid  to  the  hemisphei  e 
opposite  the  fuse-hole.  Cavities  and  imperfections  in  casting  are  gen- 
erally found  about  30^  from  the  top  of  the  shell  when  in  the  position  in 
which  it  was  cast.  Shells  should  be  rejected  for  rough  casting,  i^roject- 
ing  seams,  sand-flaws,  a  collection  of  dross,  cavities  or  honey-combs  of 
more  than  two-tenths  of  an  inch  in  depth,  whatever  their  diameter,  or 
a  number  of  small  holes  giving  the  projectiles  a  spongy  appearance. 

The  shell  is  next  struck  with  the  hammer  to  judge  by  the  sound 
whether  it  be  free  from  cracks;  the  position  and  dimensions  of  the  ears 
are  verified.  The  thickness  of  the  metal  is  then  measured  at  several 
points  on  tlie  great  circle  perpendicular  to  the  axis  of  the  fuse-hole. 
The  diameter  of  the  fuse-hole,  which  should  be  accurately  reamed,  is 
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th(M»  verified,  iind  tlu?  soinidness  of  tiic  luctal  about  tlie  iii.sidc  of  the 
hole  is  aseeitJiiued  by  insertiiio-  tlie  fin<;er. 

Tlie  shell  is  now  ])l;u'e(l  upon  a  trivet  in  a  tub  (*ontainin^»:  water  deep 
enouiili  to  cover  it  iu;arl>'  to  tlu^  fuse-hole  ;  the  bellows  and  plu«j^  arein- 
.serted  into  the  luse-hole,  and  the  air  forced  into  tb(^  shell.  Jf  there  be 
any  holes  in  the  shell,  the  air  will  rise  in  bubbles  throu^^ii  the  water. 
This  test  also  gives  another  indication  of  the  soundness  of  the  metal, 
as  the  i^arts  containing-  cavities  will  dry  more  slowly  than  the  other 
l»arts. 

The  mean  weight  of  shells  of  10  inches  and  under  is  ascertained  in 
the  same  manner  as  that  of  shot,  and  larger  ones  should  be  weighed 
and  stamped  the  same  as  with  shot  of  like  (caliber. 

All  jn-qjectiles  rejected  in  the  ins])ection  should  be  marked  with  an  X 
niade  with  the  cold-chisel;  on  shot  near  the  gate;  or,  when  turned,  near 
one  ear,  and  on  hollow  projectiles  near  the  fuse-hole. 

III.— OBSERVATIONS  ON  THE  MANUFACTURE  OF  CAST-IRON  FROJECT- 

ILES. 

rrojectilcs,  for  held  artillery,  should  be  made  of  a  li\  ely  gray  iron,  hav- 
ing a  tenacity  of  18,000  to  20,000  pounds  per  square  inch,  and  that  ruus 
sound  and  presents  a  smooth  even  surface,  and  not  too  hard  to  ream 
with  moderate  facility  when  cast  into  shells  and  case-shot. 

Batter  in  fi  shot,  for  siege  artillery,  should  have  a  tenacity  of  23,000  to 
24,000  pounds  per  square  inch,  and  be  made  of  iron  that  runs  sound  and 
smooth. 

Elongated  shot,  for  rifled  guns,  should  be  cast  on  end,  forward  end 
downward. 

Elongated  sJiells  and  case- shot  should  be  cast  on  end,  rear  end  down- 
ward. 

Eight-inch  and  10-inch  shells,  for  both  guns  and  mortars,  and  13-inch 
mortar  shells,  should  show  incipient  mottle,  and  have  a  tenacity  of 
22,000  to  23,000  pounds  per  square  inch,  without  being  too  hard  to  ream 
with  moderate  facilit^^ 

The  recesses  of  the  shell -hook  holes  should  be  cast,  but  the  holes  them- 
selves should  be  drilled. 

Eight  and  10  inch  solid  shot  and  15-inch  shells  should  show  a  fine 
mottle  wheu  broken,  with  a  tenacity  of  23,000  to  24,000  pounds  per  square 
inch,  and  not  too  hard  to  ream ;  the  limit  of  hardness  of  shells  being 
when  they  become  too  hard  to  ream. 

Fifteen-inch  solid  shot  should  show  a  decided  mottle,  and  have  a 
tenacity  not  less  than  25,000  pounds  per  square  inch. 

Fifteen-inch  shot  and  shell  should  both  be  cast  in  dry-sand  molds, 
with  large  ''risers,"  which  should  be  filled  with  hot  metal  and  kept  open 
as  long  as  possible. 

The  metal,  especially  in  casting  large  projectiles,  should  be  poured  as 
cold  as  may  be  compatible  with  sound  castings. 

All  shot  should  be  cast  of  iron  that  contracts  but  little  in  (tooling, 
tliere  being  quite  a  difference  in  this  respect  in  the  different  varieties  of 
iron. 

8ami)les  for  tenacity  of  metal  in  shells,  and  all  calibers  of  solid  shot 
below  8'',  should  l)e  cast  on  end,  and  in  the  same  kind  of  molds  (i.  e., 
green  or  dry  sand),  and  poured  from  the  same  ladles  of  metal  as  the 
pro j ec tiles  tli ei ii  sel ves . 

The  finished  diameter  of  samples  for  tenacity  of  field  projectiles,  at 
point  of  rupture,  should  be  1.128  inch. 
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For  nil  calibers  of  solid  shot  of  8-iucli  and  upward,  the  sauiples  i'or 
tenacity  should  be  taken  from  the  projectiles  themselves.  This  can  be 
most  readily  and  economically  done  by  means  of  a  hollow  drill  that  will 
take  out  a  sample  of  2  inches  in  diameter  and  3^  inches  long. 

Samples  for  siege  projectiles  and  large  shells  will  be  2 J  inches  in 
diameter  and  10  inches  long. 

Twentj'-inch  shot  should  be  of  the  best  quality  of  gun  iron,  and  be 
cast  in  a  dry-sand  mold,  and  be  finished  to  their  true  dimensions  by 
turning. 

For  13-inch  shot,  tenacity  of  the  iron  should  be  about  28,000  pounds; 
density  not  less  than  7.270.  They  should  be  cast  in  dry-sand  molds, 
with    risers"  of  8.66  inches  diameter  and  12  inches  high. 

Fifteen-inch  solid  shot,  manufactured  at  South  Boston  in  1867,  of  75 
X)er  cent,  of  remelted  gun  iron  and  25  per  cent,  of  ^o.  1  charcoal  i)ig, 
had  a  mean  density  of  7.2730  and  tenacity  of  34,000  pounds. 

Twenty-inch  shot,  manufactured  in  1865  at  South  Boston  foundry, 
were  cast  vertically  in  clusters  of  three,  with  ''risers"  of  16  inches 
diameter  and  3  feet  6  inches  in  height.  The  test  specimens  taken  from 
the  "  risers  "  next  to  the  shot  gave  a  mean  density  of  7.2850  and  tenacity 
of  31,500  pounds. 

The  finished  diameter  of  samples  for  tenacity  of  field  projectiles  at 
point  of  rui)ture  should  be  an  inch. 

For  all  calibers  of  solid  shot  of  8-inch  and  upward,  the  samples  for 
tenacity  should  be  taken  from  the  i>rojectiles  themselves.    This  can  be 
_    _    _      6"  _    _  most  readily  and  economically 

'  pg'"  I  done  by  means  of  a  hollow  drill 

'  -  7  .4  ...    .  ^^^^  ^.ji  ^^^^  ^^^^  ^  sample  of  2 

inches  diameter  and  3^  inches 
long. 

Drawing  of  samples  for  tenacity 
of  field  projectiles  is  hereto  ap- 
pended. 

Samples  from  siege  projectiles 
and  large  shells  will  be  2|  inches  in  diameter  and  10  inches  long. 

Where  Bormann  fuses  are  used  the  fuse  and  fuse-plug  holes  are  cylin- 
drical. 


 3.5. 


V 

f 

t 

1 

i 

i  .. 

i 

IV. — PROJECTILES  NOT    ADOPTED   AS    STANDARD,  BUT    SUBJECT  TO 

ISSUE.* 

Butler  projectile, — (Plates  V,  VII.) 

This  projectile  consists  of  a  , cast-iron  body  having  a  double-lipped  ex- 
panding ring  attached  by  a  screw-thread  to  its  base.  Upon  discharge, 
the  powder  gases  entering  the  cannelure  of  the  ring  expand  the  outer 
lip  into  the  grooves  communicating  rotation  to  the  projectile,  and  i)ress- 
ing  the  inner  lip  tightly  against  the  base  of  the  projectile,  tends  to  x)re- 
vent  stripping.  The  ring  may  be  of  brass  (75  i)arts  of  copper  to  25  of 
tin)  or  of  an  alloy  of  copper,  tin,  and  brass,  the  brass  being  fused  witli 
the  copper. 

The  Butler  canister  consists  of  a  hollow  cylinder  made  up  of  trun- 
cated iron  wedges  inclosed  in  an  envelope  of  tin.  The  cylinder  is  closed 
at  the  bottom  with  a  lead  cup  inclosing  a  disk  of  wood,  and  at  the  top 
with  a  sheet-iron  plate,  disks  of  tin  being  employed  on  the  outside  at 
both  ends  to  facilitate  soldering.  The  interior  of  the  cylinder  is  filled 
with  the  round  iron  balls. 

*  No  projectile  lias  as  yet  been  adopted  as  the  standard. 
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Arrick     Eurehi'')  projectile.— {PUtes  VJ,  VII.) 

This  projectile  consists  of  a  cast-iron  body  havin^i:  a  conical  base,  to 
Avliich  is  attaclied  a  sabot  coiiibiiicd  of  an  ainuilar  koy  and  a  concave 
and  convex  disk. 

Upon  discharge,  tlie  viuix  is  flattened  ont  a«^'ainst  tlie  base  of  tlie  pro- 
jectile, and  takes  the  impression  of  the  grooves,  coniinnnicating"  rotation 
to  the  projectile ;  at  the  same  time  the  annnlar  key  is  driven  forward 
npon  the  base,  filling  the  space  between  the  projectile  and  the  lands, 
and  is  claimed  to  center  the  base  of  the  projectile.  The  sabot  is  ])re- 
vented  from  tnrning  on  the  projectile  by  a  series  of  flanges  cast  on  the 
base,  which  fit  into  recesses  on  the  sabot,  and  from  stripping  by  means 
of  a  strong  bolt  screwed  into  the  base  of  the  shot. 

Dana  projectile. — (Plate  VI f.) 

This  projectile  consists  of  a  cast-iron  body  having  a  conical  base,  to 
which  is  attached  a  cnp-shaped  ring  of  brass. 

Upon  discharge,  the  ring  is  driven  forward  npon  the  base,  and  by  this 
movement  the  soft  metal  is  expanded  into  the  grooves  and  rotation 
communicated  to  the  projectile. 

As  the  front  end  of  the  sabot  passes  the  shoulder  it  is  crowded  down 
into  the  groove  cut  round  the  body  of  the  shot,  and  thus  ^'clinched,"  as 
it  were.  The  same  end  is  sought  in  the  arrangement  at  the  bottom  of 
the  sabot,  where  the  gas,  acting  in  the  cannelure,  presses  the  lip  into 
the  groove  cut  in  the  cast  iron.  Such  is  the  ijrovision  designed  to  secure 
the  sabot  from  stripping. 

Turning  upon  the  projectile  is  prevented  by  wedge-shaped  projections 
and  recesses  upon  the  base  of  the  projectile  and  the  under  surface  of  the 
sabot. 

Pa rrott  projectile. — (Plates  Y,  YII.) 

Captain  Parrott's  projectile  is  composed  of  a  cast-iron  body  and  a  brass 
ring  cast  into  a  rabbet  formed  around  its  base.  The  flame  presses  against 
the  bottom  of  the  ring  and  underneath  it,  so  as  to  expand  it  into  the 
grooves  of  the  gun.  To  prevent  the  ring  from  turning  in  the  rabbet  the 
latter  is  recessed  at  several  points  of  its  circumference. 

Parrott's  incendiary  shell  has  two  compartments  formed  by  a  partition 
at  right  angles  to  its  length.  The  lower  and  larger  space  is  filled  with 
a  burning  composition ;  the  ui^j^er  one  is  filled  with  a  bursting  charge 
of  powder,  which  is  fired  by  a  time  or  concussion  fuse.  The  burning 
composition  is  introduced  through  a  hole  in  the  bottom  of  the  shell, 
which  is  stopped  up  with  a  screw-plug. 

A  more  recent  form  of  the  Parrott  projectile  for  large  calibers  is  shown 
in  Plate  VII.  The  sabot  is  cast  on  to  the  projectile,  and  is  provided 
with  a  lip  and  cannelure.  It  is  prevented  from  turning  on  the  projectile 
and  from  stripping  by  means  of  recesses  and  undercuts  upon  the  base 
of  the  projectile,  into  which  the  metal  w^hen  liquid  enters. 

HotcliMss projectile. — (Plate 

The  Ilotchkiss  projectile  is  composed  of  three  parts — the  body,  the 
exi)anding  ring  of  lead,  and  the  cast-iron  cup. 

The  action  of  the  charge  is  to  crowd  the  cup  against  the  soft-metal 
I  ring,  thereby  expanding  it  into  the  rifling  of  the  gun.    The  time-fuse 
i  projectile  has  deep  longitudinal  grooves  cut  on  its  sides  to  allow  the 
flame  to  pass  over  and  ignite  the  fuse. 
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The  last  rifle  projectile  submitted  by  Mr.  Hotclikiss  has  an  expaudiiig- 
cup  of  brass  attached  to  its  base  in  a  peculiar  manner.  The  cup  is 
divided  into  four  parts  by  thin  projections  on  the  base  of  the  projectile. 
This  arrangement  is  intended  to  facilitate  the  expansion  of  the  cup  and 
to  allow  the  flame  to  pass  over  to  ignite  the  fuse. 

(Dyer  projectile. — (Plate  V.) 

This  projectile  is  composed  of  a  cast-iron  body  and  a  soft-metal  ex- 
panding-cup  attached  to  its  base.  The  adhesion  of  the  cup  is  effected 
by  tinning  the  bottom  of  the  projectile  and  then  casting  the  cup  on  to 
it.  The  cup  is  composed  of  an  alloy  of  lead,  tin,  and  copper  in  certain 
proportions. 

A  corrugated  cap  of  tinned  sheet  iron  was  used  with  3-inch  projectiles 
to  catch  and  direct  that  portion  of  the  flame  of  the  charge  which  escapes 
over  the  projectile  on  to  the  fuse  to  ignite  it. 

Ahsterdam. — (Plate  VI.) 

The  sabot  is  made  of  brass,  which  becomes  malleable  when  heated. 
The  brass  is  cast  into  a  groov^e  on  the  base  of  the  projectile,  larger  at 
the  bottom  than  at  the  surface  of  the  projectile,  the  sabot  being  thus 
dovetailed  in  place. 

The  Sawyer  canister, — (Plate  VI.) 

The  Sawyer  canister  shot  consists  of  a  casing,  A,  of  malleable  iron, 
in  one  piece,  in  the  form  of  a  hollow  cylinder,  having  one  end  closed  by 
a  head  cast  therewith,  through  which  head  is  forced  one  or  more  small 
holes,  «,  through  which  a  portion  of  the  gas  occasioned  by  the  explosion 
of  the  charge  of  powder  enters,  driving  forward  the  small  iron  balls 
and  disengaging  the  metal  cover  b  x>laced  in  the  forward  end  of  the 
casing  to  hold  the  contents  in  position  till  fired.  The  casing  has  cut 
through  its  walls  one  or  more  series  of  oblique  slits,  c  c,  the  end  of  each 
slit  slightly  overlapping  the  end  of  the  next  slit  in  the  same  series, 
thus  nearly  severing  the  casing  into  two  or  more  sections ;  said  sections 
being  held  only  by  the  narrow  bars  of  metal  d  d  between  the  contiguous 
ends  of  two  slits,  c  c,  as  shown  in  the  figure;  which  bars  are  sufiiciently 
strong  to  withstand  the  ordinary  shocks  of  handling  and  transportation, 
but  not  strong  enough  to  resist  the  shock  of  the  explosion  of  the  charge 
of  powder  in  the  gun ;  so  that  when  the  shot  is  discharged  from  a  gun 
the  cover  h  is  stripped  from  the  mouth  of  the  casing,  and  the  casing- 
is  broken  into  two  or  more  sections,  from  which  the  small  shot  e  are 
more  readily  and  completely  discharged  than  they  would  be  if  the  casing- 
remained  intact,  and  each  of  said  sections  of  the  shell  serve  as  a  solid 
shot,  doing  greater  execution  than  could  be  done  were  the  shell  to 
remain  in  one  piece. 

v.— THE  FABRICATION  OF  RIFLED  PROJECTILES. 

Shot  and  shell  should  be  made  of  gray  or  mottled  iron  of  good  quality, 
varying,  however,  with  the  kind  and  size  of  projectile  required. 

The  largest  have  generally  been  made  from  gun  metal,  melted  in  an 
air-furnace,  but  ordinary  sized  projectiles  from  mottled  iron  produced 
by  melting  in  a  cupola  furnace,  a  mixture  of  white  and  gray  pig  iron. 

For  chilled  shot  a  mixture  is  used  of  about  one-half  No.  2  or  3  cold- 
blast  charcoal  iron  with  the  same  amount  of  No.  1  or  2  American  anthra- 
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dte  pig;  bnt,  as  a  matter  of  economy,  tlie  formor  is  ftcquently  replaced 
by  old  shot  uietal,  aTHi  the  latter  by  old  car  wheels,  the  percentage  of 
each  beiiiff  detoriniiiod  by  oxporiirieiit. 

mate  XI  leiH-eseiits  t^lie  M<(Keiiy,ie  cupola  furnace,  which  is  oval  in 
shiij>e;  Fisnre  l  beiiiff  a  section  through  its  shorter  and  Figure  2  a 
section  through  its  longer  axis. 

The  body  of  the  cupola  consists  of  a  lining  of  iire-bri(;k  inclosed  in  a 
wrought-iron  caisson,  contracted  at  the  top  to  form  the  sta(;k,  and  rest- 
ing on  a  cast-iron  bottom  plate,  whicih  is  supported  on  iron  pillars 

J  he  peculiarity  of  this  cni.ola,  as  compared  with  others  of  the  manv 
varieties  111  use,  exists  only  in  the  shape  of  the  tuyere,  or  in  the  method 
employed  for  introducing  the  blast,  a  continuous  air-chamber  inclosed 
between  the  caisson  and  a  wronght-iron  apron,  which  projects  inward 
and  IS  braced  by  a  cast-iron  ring,  wliich  can  easily  be  replaced  when 
worn  out.  The  tuyere  itself  is  the  slot  beneath,  thi-ongb  which  tl™ 
admitted  to  the  chamber  from  the  blast-piiies,  passes  iSto  the  cur)ola  ' 
Ihe  bottom  IS  a  cast-iron  drop-door  made  in  two  hinged  parts,  and 
supported,  when  closed,  by  a  ])rop.  This  bottom  is  covered  with  a  layer 
of  sand,  arranged  with  a  gentle  slope  towards  the  spout;  the  latter 
through  winch  the  melted  iron  runs  to  the  ladle,  is  of  iron  coated  S 
loam,  and  painted  with  coke-wash. 

The  cliarging.clmr  is  at  the  rear  of  the  furnace,  and  the  stock  is  gen- 
e  ally  lifted  to  it  on  an  elevator.  To  charge  the  furnace,  shavings  are 
placed  in  the  bottom,  then  light  wood,  and  cord- wood  sawed  into  leno-ths 
of  from  ten  to  eighteen  inches,  a  part  of  it  being  stood  on  end  around 
the  sides  to  protect  them,  and  the  whole  bed  bling  bnilt  up  level  In 
this  last  respect  care  is  used  through  all  the  subsequent  stages  of  the 
charging.    On  the  top  of  the  wood  is  placed  the  "stock,"  which  for  a 

Ll"™?^'  5^''"*  ^'^''^  P*'""'^^  of  (I^ehig'h)  lump  coal. 

The  fire  is  then  lighted,  and  when  the  fiames  are  seen  to  be  working 

Tn  fhl  \^aon  ''^"i  ^^•^  «f  iron  are  placed  evenly  of 
^^itnt  t1^''"u  i^*'^  PO™ds  of  egg  or  grate  coal,  followed  by  live  tons 
trZ*.  building  up  "  of  the  charge  can  be  continued  as  long  as 

^naHtv  of  «n!?  'f''*"'''''^  ^^^'^1  ^"^^  charging-door,  the  ordinary 
capacity  of  such  a  furnace  as  described  being  about  fifteen  tons.  In 
charging  the  iron,  it  is  usual  to  first  put  in  pieces  of  plate  and  light 

Sfo^nf  ^ti.i'T"'  '""^  '",^P/°*>  ^^'^  ^-^"'S  ''roken  as  the  header 
portions  of  the  charge  are  added.  As  soon  as  the  cupola  is  "  charged" 
«ie  blast  is  put  on,  and  in  about  twenty  minutes  the  iron  is  "down  " 
t^t^H^I  a?"^"!  „  f of  this  by  the  melted  metal  "  blow- 
mCflX^  ^^t^u''\^^^ ■"•^"^r •'lo^^'^ ''^"h a " hod- madeof sand 
mixed  with  clay- wash;  he  has  prepared  also  a  number  of  other  "bods," 
Which  he  uses  for  the  same  purpose  whenever  it  may  be  necessary  while 
or  JnnI       T^^'h  ,  ^•'^^  ^'^^^^^  ^^^^^^^    t^e  end  of  L  iron 

Sores  itTp^    '  *®  tapping.hole,  sticks  to  it  and 

To  "  tap  "  the  cupola,  the  melter  shoves  into  the  "  bod  "  an  iron  bar  with 
4   T  J??'"*'       T^^^^^       l^o'*'      turning  the  bar  around, 
m^l'fr.!  .  '','"*"7'J'*'''        metal  is  run  are  lined  with  a  mixture  of 
tore  bebig  used"'     '^'^y-^^^'''      with  loam,  and  thoroughly  dried  be- 
When  all  the  metal  is  drawn  off,  the  cupola  is  "dumped"  by  removing 
*e  prop  and  allowing  the  doors  to  fall.    The  "dump"  is  then  extin 
Sfoished,  and  the  pieces  of  iron  and  fuel  picked  and  sifted  out. 
mttlTrf  '•fstmg,  the  furnace  has  to  bo  repaired  by  picking 

Wt  the  slag  which  lias  formed  within,  and  by  daubing  with  a  mixturS 

14  OED 
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of  clay  aud  lire-sand  the  parts  of  the  liuing  where  the  fire-brick  has 
been  burned  out.  About  once  in  six  months  the  entire  fire-brick  lining- 
has  to  be  replaced. 

Projectiles  are  cast  in  sand  with  which  has  been  mixed  a  sufficient 
amount  of  clay -water  to  make  it  adhesive  enough  to  retain  its  shape  in 
molding.  The  sand  used  is  a  mixture  of  about  0.8  fine  sand  to  0.2 
loam  or  field  sand.  If  the  mold  is  dried  in  an  oven  until  its  surface 
is  deprived  of  its  moisture,  the  casting  is  called  a  ^'dry  casting";  other- 
wise, a  "  green  casting." 

The  following  description  refers  to  the  cored  shot  with  chilled  head, 
but  since  all  large  oblong  shot  are  now  cast  hollow  it  applies,  with  slight 
variations  (which  are  noted  as  they  occur),  to  all  shot  and  shell  of  this 
class. 

The  pattern  (Plate  XII,  Fig.  1)  is  made  of  hard  wood  and  in  two  parts, 
the  larger  for  the  body  of  the  shot,  the  smaller  for  its  base.  A  handle 
is  screwed  into  the  bottom  of  each  for  convenience  in  extracting  them 
from  the  molds.  The  pattern  is  about  0"A  larger  in  diameter  than  the 
true  size  of  the  shot,  to  allow  for  the  shrinkage  of  the  iron  in  cooling 
(from  to  J  of  an  inch  to  the  foot),  and  to  secure  sufficient  metal  to 
enable  the  shot  to  be  properly  finished. 

The  core-box  (Plate  XII,  Figs.  2  and  3)  is  made  of  cast  iron  in  two 
sections,  which  can  be  fitted  and  fastened  together  by  a  screw-clamp. 
The  holes  in  the  flanges,  as  represented  in  drawing,  are  for  the  bolts 
used  for  securing  the  parts  together  while  being  bored  out,  and  for  the 
"  steadying-pins  "  when  they  are  united  in  molding.  The  head  of  the 
box  is  closed  with  an  iron  plug.  The  core  is  formed  about  an  iron  tube 
closed  at  one  end  and  perforated  with  small  holes  to  allow  the  escape  of 
steam  and  gas  generated  by  the  heat  of  the  melted  metal.  Twine  is 
wrapped  around  the  tube  over  the  perforations  to  protect  them,  and 
that  portion  of  the  iron  which  is  exposed  is  coated  with  sand. 

The  sections  of  the  box  being  apart,  the  tube  at  its  open  end  is  fitted 
into  a  seat  at  the  base  of  one  section  and  covered  by  the  other.  The 
box  is  then  closed  tight  with  the  clamp,  stood  upright,  and  filled  and 
packed  through  the  top  with  a  mixture  of  about  one-third  fire-sand  to  | 
two-thirds  loam.  The  head  is  formed  of  sand  of  more  adhesive  quality, 
which  is  generally  produced  by  the  addition  of  a  little  flour,  and  the 
cap  is  fitted  and  hammered  into  place.  The  clamp  is  then  unscrewed 
and  taken  oif,  the  box  laid  on  its  side,  the  cap  and  upper  section  removed, 
and  the  lower  one  tapped  with  a  mallet  to  release  the  core,  which  is 
carefully  lifted  from  its  bed  and  placed  on  loose  sand.  M  is  then  dried 
in  an  oven,  painted  with  coke- wash,  and  redried. 

The  flasks  (Plate  XII,  Fig.  4)  are  made  of  cast  iron  in  two  parts,  the 
bases  of  which  are  to  be  in  contact  being  provided  with  evenly-faced 
flanges.  In  fitting  the  sections  together,  pins  in  the  flange  of  one  pass 
through  holes  in  the  flange  of  the  other,  and  the  flasks  are  further 
secured  by  clarajDS  which  are  driven  over  the  united  flanges.  Each 
section  is  provided  with  projecting  handles.  Fig.  5  represents  the  iron 
cross-bar  which  supports  the  core,  and  which  is  shown  in  cross-section 
in  Fig.  4.    It  is  riveted  to  the  inside  of  the  flask. 

Molding. — The  lower  part  of  the  pattern  is  then  stood  on  a  board,  with 
the  base  down,  and  covered  with  its  flask ;  on  the  head  of  the  pattern  is 
placed  the  chill-mold,  which  is  of  cast  iron  and  shaped  on  the  interior 
like  the  head  of  the  projectile  (Fig.  4).  Sand  is  poured  into  the  flask 
and  well  rammed  about  the  pattern.  A  channel  called  ''the  feeder," for 
the  introduction  of  tbe  metal,  is  formed  by  packing  the  sand  about  two 
sticks  which  unifce  within  the  body  of  the  mold.    The  filled  flask  is  then 
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inverted,  and  its  upper  base  sli^?litly  sprinkled  with  dry  sand,  called  bv 
the  niolders  parting  sand,"  wliich  prevents  the  adhesion  of  the  two 
sections  ot  the  mold.  The  smaller  part  of  the  pattern  is  fitted  to  the 
base  of  the  hirger  and  covered  with  its  flask.  Sand  is  poured  in  as  be- 
fore, and  a  short  channel  called  the  riser,"  and  the  continuation  of  the 
"feeder,"  formed  with  sticks  as  before.  The  sticks  are  drawn  from  the 
smaller  part  of  the  flask,  the  flask  itself  separated,  and  the  pattern  with- 
drawn by  means  of  the  handles  screwed  into  the  bases.  The  chill-mold 
IS  left  in  the  sand,  the  sticks  for  the feeder"  are  withdrawn  (the  smaller 
from  the  mside  of  the  mold),  and  the  molder  repairs  any  damage  which 
may  have  occurred  during  the  operation. 

Fig.  6,  Plate  XII,  represents  a  wooden  templet  shaped  like  the  head 
ot  the  shot,  to  the  base  of  which  is  screwed  an  iron  strap ;  this  strap  is 
bent  back  at  each  end  so  as  to  form  two  arms,  in  each  of  which  are  round 
holes  corresponding  to  the  position  of  the   shell-hook  holes."   The  tem- 
plet IS  then  placed  in  the  mold,  and  an  iron  pin  pushed  through  the 
holes  into  the  sand  0'^75  deep.    Into  the  ^'  prints  "  thus  formed  are  fitted 
two  little  cylinders  of  sand,  V'.5  long  and  0'^5  in  diameter,  which  have 
been  previously  molded,  painted  with  coke-wash,  and  dried.    The  core- 
stem  IS  then  fitted  to  its  seat  and  screwed  fast,  and  the  entire  mold 
coated  with  coke- wash  and  dried.    Both  of  these  operations  require 
careful  attention.    Should  the  dried  portion  of  the  mold  extend  too 
deep  into  the  sand,  which  would  happen  if  more  than  the  proper  amount 
ot  the  wash  were  absorbed,  the  sand  would  peel  off  during  castino-  and 
get  incorporated  with  the  metal,  and  produce,  besides,  excrescences  on 
the  surface  of  the  casting.    The  drying  is  sometimes  performed  in  an 
oven ;  otherwise,  httle  charcoal  fires  contained  in  iron  pans  are  suspended 
m  the  cavity.   The  coating  is  generally  done  by  hand,  but  in  shells  and 
ordinary  shot  without  chilled  heads,  when  cast,  as  is  customary,  with 
head  up,  a  tm  funnel  (Fig.  7)  is  sometimes  used,  which  facilitates  the 
operation,  and  effects  a  saving  in  the  amount  of  wash  required.  The 
molds  of  projectiles  so  cast  have  a  channel  running  from  the  head  as  a 
riser"  for  the  metal  in  the  case  of  shot,  and  a  seat  for  the  core-stem  in 
the  case  of  shells. 

^  The  spout  of  an  ordinary  funnel  is  inclosed  in  a  cylinder  slightly  less 
in  size  than  the  cylindrical  part  of  the  mold,  and  the  space  between  the 
end  of  the  spout  and  the  lower  base  of  the  cylinder  also  closed  tight  with 
^^^-.^^^^smaller  funnel  with  a  closed  spout  is  attached  by  straps  to  the 

The  mold  of  the  body  of  the  shot  is  placed  on  a  bench  with  a  bucket 
beneath,  and  the  ^-funnel"  is  so  introduced  into  it  that  the  lower  spout 
fits  into  and  closes  the  hole  in  the  head.  An  amount  of  coke- wash  pre- 
viously determined  as  sufficient  is  poured  into  the  open  funnel,  and, 
falling,  IS  prevented  from  injuring  the  mold  by  striking  the  closed  fun- 
nel beneath.  The  wash  rises  about  the  surface  of  the  cylinder  and  only 
m  the  space  between  it  and  the  sides  of  the  mold,  and  when  the  molder 
sees  It  reach  the  top  of  the  mold  he  lifts  out  the  funnel  and  the  wash 
escapes  through  the  head  of  the  mold  into  the  bucket  beneath  The 
w^h  IS  used  over  and  over  again,  addition  being  made  each  time  of 
suacient  to  compensate  for  the  amount  absorbed  by  the  previous  mold 

ihe  larger  section  of  the  flasks  is  then  placed  on' the  ground  with  the 
head  down  (for  chilled  shot)  and  leveled,  the  smaller  section  placed 
on  top  and  keyed  to  it,  and  the  molder  completes  the  mouths  of  the 

jTtZl  r'^Mi  ^^^^'^^         customary  to  cast  shell 

and  shot  without  chilled  heads,  with  the  base  of  the  mold  down;  and 
the  differences  between  the  operations  of  casting  them  and  those  de- 
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scribed  consist  only  in  the  necessary  alterations  of  the  parts  of  the 
mold  to  adapt  it  to  the  reverse  position  of  the  pattern,  and,  with 
shell,  in  the  fact  that  the  core  is  larger,  and  that  the  stem  is  secured  at 
each  end. 

Casting. — The  metal  is  run  from  the  cupola  into  ladles,  and,  in  the 
case  of  chilled  shot,  usually  slightly  cooled  by  throwing  in  a  piece  Of 
scrap  iron.  This  is  done  to  prevent  the  chill-molds  from  being  cracked. 
The  metal  enters  the  mold  from  below,  near  and  above  the  chill  mold, 
and  (from  the  shape  of  the  lower  branch  of  the  ^'  feeder  ")  in  an  oblique 
direction,  to  avoid  disturbing  the  core  and  to  give  a  circular  motion  to 
the  metal  as  it  rises  in  the  mold,  and  so  prevent  the  scoria  from  adher- 
ing to  the  sides.  One  workman  skims  the  surface  of  the  metal  with  a 
wooden  stick,  as  it  runs  from  the  ladle,  to  prevent  the  admission  of  the 
scoria,  while  another  stirs  it  as  it  rises,  with  an  iron  rod,  through  the 
"riser,"  to  bring  the  impurities  to  the  surface.  Before  fairly  cooled,  the 
flasks  are  removed,  the  sand  knocked  off,  the  core-stem  extracted,  and 
the  shot  left  to  cool  in  the  heated  sand  in  which  it  was  cast. 

Finishing. — The  sand  is  first  carefully  scraped  from  the  cavity,  the 
sinking-head  removed,  and  the  rough  edges  trimmed  off  with  a  cold- 
chisel.  It  is  then  examined  as  to  quality  and  weight,  and  the  amount 
of  eccentricity  roughly  determined.  The  shot  is  at  once  condemned  if 
there  be  a  variation  in  any  of  these  particulars  in  excess  of  that  allowed. 
It  sometimes  happens,  too,  that  the  chill  has  extended  so  far  over  the 
surface  as  to  make  it  impossible  to  finish  the  shot  by  the  means  ordina- 
rily employed  in  this  country.  Such  shot  are,  however,  sometimes  fin- 
ished by  the  grindstone.  Having  passed  this  preliminary  inspection, 
it  is  put  in  a  lathe  and  turned  down  to  the  true  diameter  for  a  length 
of  0.25  inch. 

The  finisMng-2)ress  consists  (Plate  XIII)  of  a  steel  die,  supported  on 
a  hollow  iron  platform  resting  upon  the  head  of  an  hydraulic  ram 
which  is  worked  by  a  steam-pump.  On  the  left  of  the  press  is  a  handle 
for  opening  the  valve  to  allow  the  admission  of  the  water  to  the  cylinder, 
and  an  automatic  device  for  closing  it  and  opening  the  valve  for  the 
escape,  when  the  ram  has  reached  its  proper  stroke.  There  are  four 
iron  guides  for  the  hollow  platform,  connected  at  top  by  an  iron  cross- 
head,  through  the  center  of  which  passes  a  heavy  screw ;  the  end  of  the 
screw  is  hollowed  out  to  the  shape  of  the  head  of  the  shot,  for  which  it 
forms  a  support.  Iron  tongs  (represented  in  a  a)  are  used  for  raising 
the  shot  from  the  floor  to  its  seat,  and  are  raised  and  lowered  by  the 
movement  of  the  "press"  itself.  Two  workmen  are  required  for  the 
machine,  and  two  cuts  are  taken  on  each  shot;  the  smaller  die  being 
the  true  size  of  the  shot,  and  the  other  slightly  larger.  Supposing  one 
shot  to  have  been  fitted  into  the  die  for  the  short  length  turned  down  in 
the  lathe  and  its  head  inserted  in  the  end  of  the  screw,  another  is  stood 
upright  on  the  floor.  One  workman  then  opens  the  valve,  while  another 
guides  the  descending  tongs  over  the  head  of  the  shot  below,  as  the 
hollow  platform  and  die  moves  up.  When  the  tongs  have  reached  the  : 
center  of  the  shot  below  they  are  clamped.  As  soon  as  the  die  has 
passed  over  the  cylindrical  part  of  the  shot,  the  latter  falls  through  the 
hollow  platform  into  sawdust  below;  the  automatic  device  then  re^ 
leases  the  ram,  which  descends,  and  raises  the  tongs  with  the  shot 
which  is  attached,  and  which  is  guided  into  its  seat  by  the  workmen. 
With  this  machine  a  thousand  shot  can  be  turned  out  per  day.  The 
dies,  which  are  made  of  American  steel,  will  last  for  about  1,000  shot 
without  resetting.  The  same  operation  is  oftentimes  performed  entirely 
in  the  lathe,  but  is  very  much  less  rapid  than  that  just  described.  The 
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shot  is  thoii  placed  in  a  lathe  and  the  base  finished ;  if  the  Bntler  sabot 
is  to  bo  used,  a  screw  thread  is  cut  upon  the  base.  The  sabot  is  usually 
formed  of  an  alloy  of  70  parts  copper  and  30  of  zinc.  It  is  either  cast 
separately  or  directly  upon  the  base  of  the  projectile ;  in  the  former  case 
it  is  bored  and  turned  to  the  finished  size.  The  shot  is  completed  by 
tapping  a  thread  on  the  screw-plug  hole ;  fitting  it  with  a  plug,  and 
screwing  or  casting  on  the  sabot. 

Inspection. — The  following  table  shows  the  points  upon  which  the 
inspecting  oflScer  must  inform  himself  and  report  before  accepting  shot, 
:and  the  variations  he  is  authorized  to  allow : 
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The  instriiiiKMits  ns(Ml  are  as  follows  : 

1.  One  lari»e  rin<»-<'iiui4e,  with  handle ;  interior  diameter  (V^O; 5  less  than 
the  diani(4(M'  of  bore  ol'  fiuu. 

2.  One  small  rino-<>au,i>e,  with  handle;  interior  diameter  ()".07  less 
than  the  diameter  of  bore  of  "un. 

X  One  cylinder  gauge  ma(U'  of  (^ast  iron  and  live  calibers  in  length; 
interior  diameter  same  as  large  ring. 

4.  Calipers  (Plate  XIV,  Fig.  1)  for  measuring  the  thickness  of  the 
walls  of  the  shot  or  shell  and  determining  tlie  eccentricity.  This  instru- 
ment consists  of  two  i)arallel  arms,  formed  by  a  continuous  steel  strap. 
One  arm  is  terminated  by  a  curved  point,  and  is  graduated  into  inches 
and  quarters,  i'rom  the  end  towards  the  center ;  the  other  arm  carries  a 
socket,  at  right  angles  to  its  length,  through  which  slides  a  graduated 
measuring-rod.  The  zero  of  the  scale  corresponds  to  the  position  of  the 
rod  when  it  is  in  contact  with  the  curved  point,  and  a  vernier  scale  on 
the  socket  permits  nieasurements  to  0''.()1. 

To  use  the  instrument,  the  arm  with  the  curved  point  is  inserted 
into  the  cavity  through  the  screw-plug  hole,  and  the  clamp  a  screwed 
fast  at  the  required  point.  Two  short  cylindrical  arms  on  the  clamp 
serve  as  bearers,  and  allow  a  motion  of  the  instrument  only  on  its  own 
plane. 

The  eccentricity  of  a  spherical  ])rojectile  is  measured  by  the  distance 
of  the  center  of  gravity  from  the  center  of  figure.  In  oblong  shot,  how- 
ever, it  varies  directly  for  each  cross-section  from  the  seat  of  the  core, 
which  is  near  the  screw-i^lug  hole,  to  the  head  of  the  cavity,  and  is  meas- 
ured by  the  angle  made  by  the  axis  of  the  cavitj^  with  the  axis  of  the 
projectile. 

To  determine  the  axis  of  the  cavity,  the  greatest  and  least  thickness 
of  the  walls  are  measured  at  two  or  more  depths.  Half  the  difference 
between  the  two  will  give  the  distance  between  the  axis  of  the  cavity 
and  that  of  the  projectile  for  that  particular  section.  It  is  ordinarily 
considered  sufficient,  however,  to  determine  the  eccentricity  of  but  one 
cross-section  near  the  center  of  the  gravity  and  compare  it  with  the  known 
results  of  previous  experiments. 

5.  The  first  intimation  of  eccentricity  is  shown  upon  the  rolling  table, 
which  consists  {b  b  Plate  XIY,  Fig.  1)  of  a  heavy  cast-iron  plate,  beveled 
with  great  care,  and  two  parallel  rails  attached  to  it  and  separated  from 
each  other  by  a  distance  slightly  less  than  the  length  of  the  cylindrical 
part  of  the  shot. 

When  a  shot  is  rolled  upon  the  rails,  the  heaviest  side  must  come  to 
rest  beneath,  and  a  more  or  less  readiness  to  assume  a  particular  point 
of  rest  indicates  api)roximately  the  amount  of  eccentricity. 

6.  Measuring -rod  (Plate  XIY,  Fig.  2),  for  determining  the  length  of 
cavity ;  made  of  steel  and  graduated  into  tenths  of  an  inch  for  a  short 
distance  on  each  side  of  the  point  indicating  the  proper  length. 

7.  Oauge  (Plate  XIV,  Fig.  4),  for  length  of  screw-jdug  hole;  made  and 
graduated  like  the  preceding. 

8.  Templet  (Plate  XIV,  Fig.  3),  for  gauging  the  profile  of  the  shot ; 
made  of  steel ;  graduated  to  indicate  the  length  of  head,  position  of 
shell-hook  holes,  length  of  cylindrical  part,  and  total  length. 

9.  Gauge  for  the  Butler  sabot  (Plate  XIV,  Fig.  5).  This  is  made  of 
steel  and  in  two  parts ;  the  one  screwed  upon  the  other  when  not  in 
use.  The  lower  part  gauges  the  sabot  as  regards  pitch  and  length  of 
thread,  length  and  thickness  of  ring;  the  upper  part  gauges  the  length 
and  pitch  of  the  thread  upon  the  base  of  the  shot. 
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A  small  templet  (Plate  XIV,  Fig.  6),  gauges  the  depth  and  width  of 
canuehire  aud  thickness  of  outer  lip. 

10.  One  hammer,  weighing  half  a  pound,  having  a  flat  face  and  coni- 
cal point. 

11.  One  searcher  of  steel  wire  No.  20  with  handle ;  steel  punches  and 
a  cold-chisel. 

The  shot  should  be  inspected  before  it  becomes  rusty.  It  is  first 
placed  upon  the  rolling-table  and  examined  with  the  eye  for  defects  in 
material,  which,  in  shot  cast  with  the  head  down,  are  apt  to  occur  as 
cavities  in  and  about  the  base.  These,  when  discovered,  are  probed 
with  the  "  searcher"  or  steel  punch;  if  more  than  0".2  deep,  or  of  such 
character  as  to  suggest  weak,  imperfect  metal,  the  shot  is  condemned. 

The  head  of  the  shot  is  struck  with  the  hammer  at  its  junction  with 
the  cylindrical  part,  for  the  purpose  of  detecting  cracks  liable  to  be  pro- 
duced there  in  cooling  chilled  shot.  A  dull  sound  indicates  the  exist- 
ence of  such  a  defect,  which  is  further  tested  by  hammering  with  a  sledge. 
It  is  then  rolled  and,  should  the  amount  of  eccentricity  be  considered 
doubtfid  as  regards  that  allowed,  is  measured  with  the  calipers. 

The  length  of  cavity  and  of  screw-plug  hole  are  then  verified,  and  the 
templet  applied  to  the  profile.  Kolling  it  from  the  table,  it  is  stood  on 
end  and  the  gauge  screwed  to  the  base. 

The  sabot  is  then  screwed  to  its  gauge,  the  dimensions  of  the  can- 
nelure verified  with  the  small  templet,  and  the  character  of  the  metal 
examined.  The  sabot  and  screw-plug  are  then  fitted  to  the  shot,  and  it 
is  again  stood  on  its  head  and  the  ring-gauges  are  applied  to  it.  The 
smaller  should  not  pass  over  the  shot  at  all ;  the  larger  should  pass 
over  its  entire  length. 

It  is  then  passed  through  the  cylinder- gauge,  which  is  fastened, 
slightly  inclined,  to  a  block  of  Avood ;  the  weight  is  finally  determined 
and  stamped  at  once  upon  the  body  of  the  shot  near  the  sabot. 

Shot  and  shell  rejected  during  inspection  are  marked  with  an  X  made 
with  a  cold-chisel. 

With  each  lot  of  shot,  and  from  the  same  metal,  is  cast  a  cylindrical 
column  about  2  feet  high  and  2^  inches  in  diameter  in  a  sand  mold, 
and  the  head  of  a  i)rojectile  in  the  usual  iron  mold. 

As  soon  as  cool  and  before  the  shot  have  been  sent  to  the  "  finishing 
shop,"  a  test  specimen  is  cut  from  the  column,  its  specific  gravity  deter- 
mined, then  broken  in  the  testing-machine,  and  its  fracture  examined. 
The  chilled  head  is  split  under  a  hammer  to  expose  the  depth  of  chill, 
and  the  results  so  determined  are  compared  with  an  occasional  shot  cut 
open  along  its  axis.  Should  the  tenacity,  density,  or  chill  be  unsatisfac- 
tory the  entire  lotas  condemned. 

Chilled  shot  are  intended  for  the  penetration  of  wrought-iron  plates, 
and  were  the  result  of  experiments  to  substitute  for  the  steel  projectiles 
first  used,  one  of  cheaper  material  of  the  requisite  hardness. 

A  fracture  of  the  head  of  a  chilled  shot  presents  the  following  ajppear- 
ance: 

The  exterior  layer  is  white,  of  crystalline  structure,  the  crystals  being 
disposed  normal  to  the  exterior  surface.  The  central  part  is  dark, 
granular,  and  less  compact  than  the  rest  of  the  mass,  showing  the  pres- 
ence of  considerable  graphitic  carbon,  while  the  intermediate  layers 
show  less  grai^hite  and  grow  harder  and  denser  as  they  approach  and 
finally  blend  with  the  exterior. 
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Different  metalliirgic  i)rocessea,  and  among  them  the  repeated  fusion 
of  iron,  (lualify  it  for  ehillin^^.* 

In  eonsequence  of  the  cliilling  ])rocess,  the  head  in  so  liard  as  to  resist 
even  a  tile,  while  the  cylindrical  body  is  soft  mottled  iron.  The  head  is 
not  touched  after  casting  in  order  to  preserve  intact  the  skin,  which  is 
the  soundest  and  densest  part. 

The  chilling  i)ower  of  the  metal-mold,  which  depends  ui)on  its  heat- 
conducting  power,  varies  with  its  thickness  and  somewhat  with  its  own 
temperature  and  that  of  the  melted  metal  when  poured  into  it. 

The  specific  gravity  of  chilled  cast  iron  is  greater  than  that  of  gray  or 
mottled  iron,  and  this  fact  is  used  in  discovering  the  depth  of  chill  of  a 
shot  by  weighing  the  shot  first  in  air  and  then  in  water,  and  comparing 
the  results  with  those  obtained  from  a  standard  i)rojectile  of  the  same 
weight  in  air.  The  shot  which  weighs  the  less  in  water  will  be  chilled  to 
the  less  extent,  since  the  discrepancy  must  be  due  to  the  lower  density 
of  its  chilled  head. 

VI.— AMMUNITION  FOR  HOTCHKISS  REVOLVINa  CANNON. 

(Plate  IV^^«.) 

The  ammunition  for  the  revolving  cannon  consists  of  a  wrapped 
metal  center-fire  metallic  cartridge  of  special  construction,  containing 
the  powder,  projectile,  the  lubricating  wad  and  primer. 

Two  kinds  of  projectiles  are  used — an  explosive  shell  and  a  case-shot. 
The  latter  does  not  differ  from  the  common  case  or  canister  shot  used 
in  ordinary  cannon. 

The  s/ie^/— Plate  IV^i". 

The  shell  is  of  novel  construction,  is  made  of  cast  iron,  of  a  cylindro- 
ogival  form,  slightly  rounded  at  the  rear  end.  A  brass  band,  about  one 
caliber  in  length,  envelopes  the  central  part  of  the  body  of  the  shell. 
This  band  is  a  piece  of  soft  brass  tubing,  contracted  with  pressure 
over  the  body  of  the  projectile.  The  latter  has  two  grooves  encir- 
cling it  at  the  top  and  bottom  ends.  The  band  is  forced  into  these 
grooves  by  the  action  of  the  powder-gas ;  the  corresponding  ribs  take 
the  rifling ;  turning  of  the  band  on  the  projectile  is  prevented  by  slight 
longitudinal  cuts  with  a  cold-chisel  and  friction  of  the  expanded  band. 

The  band  of  the  projectile  is  conical  in  front,  corresponding  with  the 
cone  in  the  chamber  of  the  gun,  exactly  centering  in  the  bore  as  the 
forward  movement  commences.  Its  rear  end  is  cylindrical  for  one- 
third  of  its  length. 

The  shell  is  turned  smooth,  and  is  (0.4°^™  O^'.OIG  nearly)  in  diameter 
less  than  the  bore  of  the  barrel.  This  projectile  is  made  with  great  car© 
and  exactness,  with  only  a  very  small  deviation  in  dimensions. 

*The  desired  result  has  been  obtained  in  England  by  {wlding  to  a  mixture  of  graj 
ikon  and  shot  scrap  four  per  cent,  of  ilmenite,  an  ore  of  iron  in  combination  witk 
titiinic  acid,  and  containing — 


Iron  oxide  (equivalent  to  45.3  metallic  iron)   61.4 

Titanic  acid   33.2 

Silica   4. 2 

Tin  oxide   1. 2 

Manganese  Trace. 
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The  Plate  Ts[^'\ 

The  fuse  employed  is  the  Hotchkiss  percussion.  It  consists  of  a 
gun-metal  body,  closed  at  the  front  end  with  a  nose-screw,  forming* 
the  ogival  point  of  the  projectile ;  it  has  a  conical  hole  at  the  rear,  which 
is  closed  with  a  lead  plug  (the  safety-plug),  i^ressed  in  very  tightly,  so 
that  the  plug  projects  a  little  through  the  l3ase  of  the  body-case  towards 
the  inside. 

The  plunger  is  composed  of  lead  cast  into  a  brass  casing  to  strengthen 
it,  and  to  prevent  the  lead  beiug  upset  by  the  shock  of  discharge.  Brass 
wires  are  cast  into  the  lead  of  the  plunger  and  hold  it  suspended  in  the 
case,  the  wires  going  through  the  slots  in  the  bottom  of  the  case  and 
being  held  securely  in  position  by  the  safety-plug.  The  i^lunger  is  re- 
cessed in  front  to  receive  a  box-priiner  secured  in  place  by  pressing  the 
lead  of  the  plunger  around  it,  and  protected  from  premature  explosion 
by  a  lozenge-shaped  piece  of  thin  brass  bent  over  and  forced  into  the 
lead. 

The  oi)eration  of  the  fuse  is  thus: 

The  safety-])lug  is  dislodged  backwards  into  the  interior  of  the  projec- 
tile by  the  shock  of  discharge ;  the  wires  being  freed,  the  plunger  is 
disengaged  and  rests  on  the  bottom  of  the  fnse-case,  free  to  move  in  the 
line  of  axis.  When  the  flight  of  the  projectile  is  suddenly  retarded 
the  plunger,  in  consequence  of  its  inertia,  is  driven  forward,  and  the 
primer  strikes  against  the  point  of  the  nose  screw,  thus  igniting  the 
powder  in  the  channel. 

The  Hotchkiss  percussion  fuse  is  extremely  simple  in  construction,  re- 
quiring no  adj  ustment  before  use.  It  is  perfectly  safe  in  transportation 
and  handling,  the  plunger  being  held  securely  by  the  safety-plug. 

The  cartridge-case. — Plate  lY^'^ 

The  cartridge  case  consists  of  a  spirally-rolled  tube  of  sheet-brass, 
strengthened  at  the  head  with  an  inside  and  an  outside  cup.  The  head 
is  punched  out  of  sheet-iron,  and  is  fastened  to  the  cups  with  three 
rivets. 

The  primer  consists  of  a  small  case,  in  the  pocket  of  which  is  the  anvil 
and  cui^  containing  the  fulminate ;  it  is  fitted  into  a  hole  through  the 
head  and  both  cuj^s,  and  projects  on  the  inside  of  the  cartridge-case. 

This  cartridge  can  be  manufactured  with  great  facility  on  account  of 
its  simplicity ;  has  proved  to  be  very  durable  in  quality,  and  it  can  be 
used  as  a  reloader. 

The  construction  of  the  body  of  the  cartridge  allows  it  to  expand  to 
the  chamber  of  the  gun  without  the  metal  being  stretched.  After  the 
discharge  it  contracts  and  extracts  freely. 

The  lubricator. 

The  lubricator  consists  of  a  wad  of  felt  6"^'"  (about  0^^236)  thick,  dipped 
in  a  solution  of  tallow  and  beeswax.  A  paper  disk  between  the  lubri- 
cating-wad  and  the  charge  prevents  the  powder  from  contact  with  the 
lubricator. 

The  projectile  is  merely  pressed  into  the  neck  of  the  cartridge,  the 
friction  holding  it  secure.  The  ammunition  is  safe  from  the  influences 
of  weather  and  accidental  explosion. 
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Prirmpal  dimensions  and  tceights  of  the  ammunition. 

FA'PLOSIVK  SHELL. 

Length  of  body  inches..  4.10 

Entire  length,  with  fuse  do .  - .  4.71 

Length  of  brass  coating,  equidistant  from  center  of  gravity  do. ..  1.5 

Diameter  of  body  do...  1.44 

Diameter  of  brass  coating  ...do.  ..  1.49 

Weight  of  body  of  the  projectile  lb.  ozs..  I  1.4 

Weight  of  fuse  ozs..  3.3 

*  Weight  of  bursting-charge  do  . .  0.83 

Total  weight  of  projectile  complete  for  firing  lb.  ozs..  1  5.58 

CASE-SHOT. 

Length  of  case  inches . .  4.565 

Exterior  diameter  of  case  do . . .  1.440 

Number  of  balls  

Diameter  of  each  ball  inch. .  0.62 

Average  weight  of  each  ball  ozs..  1.03 

Total  weight  of  shot  lb.  ozs..  1  9.4 

CARTRIDGE-CASE. 

Length  of  cartridge-case  inches . .  4.724 

Diameter  of  head  do. ..  1.791 

Diameter  of  body  near  the  head  do. ..  1.641 

Diameter  of  body  in  front  do. . .  1.476 

Weight  of  cartridge-case  ozs . .  3. 88 

CHARGE  OF  POWDER. 

Charge  ozs..  4.23 

Proportion  of  charge  to  weight  of  projectile  do  4.33 

Weight  of  complete  cartridge  lb.  ozs..  1  10.46 

Length  of  complete  cartridge  inches..  8.149 


AmmMnition  for  Hotclikiss  mountai^i  gun. 

Is  similar  to  that  for  the  revolving  cannon  (Plate  lY^^"),  except  in 
dimensions  and  formation  of  the  head  of  the  cartridge-case.  A  vent 
in  the  wrought-iron  head  admits  the  flame  of  a  friction-primer  to  the 
charge  through  the  holes  in  the  inner  perforated  disk,  the  outer  vent 
being  closed  by  the  action  of  the  gas  on  the  disk. 

Frincipal  tveights  and  dimensions. 

EXPLOSIVE  SHELL. 


Entire  length,  with  fuse  inches . .  5.7 

Length  of  brass  coating  do...  1.8 

Diameter  of  body  do . . .  1.64 

Diameter  of  brass  coating  do. . .  1.68 

Weight  of  empty  shell  pounds. .  1.65 

Weight  of  percussion-fuse  do . . .  .22 

Weight  of  bursting-charge  do . . .  .11 

Weight  of  projectile — total  do...  1.98 

CARTRIDGE-CASE. 

Length  of  cartridge-case  inches . .  6 

Diameter  of  head  do . . .  2 

Diameter  of  body  at  head  do. . .  1.83 


*  It  may  be  advisable  to  use  gun-cotton  or  picrate-powder  for  the  bursting-charge,  to 
throw  the  fragments  with  more  force  than  ordinary  gunpowder,  and  x^roduce  greater 
destructive  effect. 
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Diameter  of  body  at  point   

Whole  length  of  cartridge  

Weight  of  cartridge-case  

Weight  of  charge  

Weight  of  cartridge  and  shell,  complete 


pounds..  2.684 


pound..  .341 
...do...  .363 


do...  1.64 
do...  10.4 


VII. — AIMMUNITION  FOR  GATLINQ  GUNS. 


The  ammunition  for  the  small  Gatling  guns,  caliber  .45,  is  the  serv- 
ice small- arm  ammunition.  The  .50  caliber  Gatling  guns  use  also  small- 
arm  ammunition  of  that  size. 

For  the  1-inch  Gatling  gun,  metallic-case  cartridges  of  similar  con- 
struction are  used  with  a  solid  elongated  projectile,  weighing  half  a 
pound.  A  long  case,  containing  15  buckshot  in  groups  of  three,  and  a 
hemispherical  projectile,  is  also  used  with  these  guns. 


To  find  the  weight  of  a  cast-iron  shot  or  shell :  Multiply  the  cube  of  the 
diameter  of  the  shot  in  inches  by  .13268,  and  the  difference  of  the  cubes 
of  the  exterior  and  interior  diameters  of  the  shell  by  0.13458,  for  the 
weight  in  pounds. 

For  lead  halls^  the  multiplier  is  0.2142  for  a  density  of  11.301. 

To  find  the  diameter  of  a  cast-iron  shot  of  a  given  weight :  Divide  the 
weight  in  pounds  by  0.134,  and  the  cube  root  of  the  quotient  will  be  the 
diameter  in  inches. 

To  find  the  quantity  of  powder  which  a  shell  will  contain  :  Multiply  the 
cube  of  the  interior  diametet  of  the  shell  in  inches  by  0.01744  for  the 
weight  of  powder  in  pounds. 


Balls  should  be  carefully  lacquered  as  soon  as  possible  after  they  are 
received.  All  spherical  case-shot  are  painted  red.  Other  projectiles 
are  lacquered  Mack.  For  the  composition  of  lacquer  and  the  manner  of 
applying  it,  see  Ord.  Mem.  23. 

When  it  becomes  necessary  to  renew  the  lacquer,  the  old  lacquer 
should  be  removed  by  rolling  or  scraping  the  balls,  which  should  never 
be  heated  for  that  purpose. 

Balls  are  piled  according  to  kind  and  caliber,  under  cover  if  practi- 
cable, in  a  place  where  there  is  a  free  circulation  of  air,  to  facilitate 
which  the  piles  should  be  made  narrow  if  the  locality  permits  j  the 
width  of  the  bottom  tier  may  be  from  12  to  14  balls,  according  to  the 
caliber. 

Prepare  the  ground  for  the  base  of  the  pile  by  raising  it  above  the 
surrounding  ground  so  as  to  throw  off  the  water ;  level  it,  ram  it  weU, 
and  cover  it  with  a  layer  of  screened  sand.  Make  the  bottom  of  the 
pile  with  a  tier  of  unserviceable  balls  buried  about  two-thirds  of  their 
diameter  in  the  sand  j  this  base  may  be  made  permanent :  clean  the 
base  well  and  form  the  pile,  putting  the  fuse-holes  of  shells  downwards, 
in  the  intervals,  and  not  resting  on  the  shells  below.  Each  pile  is 
marked  with  the  number  of  serviceable  balls  it  contains. 

The  base  may  be  made  of  bricks,  concrete,  stone,  or  with  borders  and 
braces  of  iron.  Good  and  imperfect  balls  should  not  be  used  in  the 
same  base ;  and,  to  avoid  confusion,  the  unserviceable  should  be  left 
unx)ainted,  or  painted  of  a  different  color  from  the  serviceable. 


VIII. — APPENDIX. 


Preservation  and  piling  of  balls. 
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Grape  and  canister  shot  sliould  be  oiled  or  lacquered,  put  in  piles,  or 
in  strongs  boxes,  on  the  j^round  tloor,  or  in  dry  cellars,  each  parcel 
marked  with  its  kind,  caliber,  and  number. 

To  find  the  number  of  halls  in  a  pile:  Multiply  the  sum  of  the  three 
parallel  edges  by  one-third  of  the  number  of  balls  In  a  triangular  face. 

In  a  square  pile  one  of  the  parallel  edges  contains  but  one  ball ;  in  a 
triangular  pile  two  of  the  edges  have  but  one  ball  in  each. 

The  number  of  balls  in  a  triangular  face  is  ~S--^^~L  ;  n  being  the 

number  in  the  bottom  row. 

The  sum  of  the  three  parallel  edges  in  a  triangular  pile  is  +  2 ;  in  a 
square  pile,  2  ?i  +  1 ;  in  an  oblong  pile,  3N  +  29i  —  2,  N  being  the 
length  of  the  top  row,  and  7i  the  width  of  the  bottom  tier  j  or  3  m  —  +  1, 
m  being  the  length  and  n  the  width  of  the  bottom  tier. 

If  a  i)ile  consists  of  two  piles  joined  at  a  right  angle,  calculate  the 
contents  of  one  as  a  common  oblong  pile,  and  of  the  other  as  a  pile  of 
which  the  three  parallel  edges  are  equal. 

To  find  the  length  of  a  pile  tvhich  shall  hold  a  given  number  of  balls j  the 
width  of  the  base  being  fixed  : 
A  =  the  number  of  balls  to  be  piled. 
n  =  the  number  in  the  width  of  the  base  of  the  pile, 
m  =  the  number  of  balls  in  the  length  of  the  base  of  the  pile  j  then 

m=  6  A  +  ^  (^^  +  1)      +  1) 
3  n     4-  1) 

In  the  following  table  of  the  number  of  balls  in  a  pile,  the  second  line 
shows  the  number  in  a  triangular  pile,  the  base  of  which  is  the  corre- 
sponding number  in  the  first  line. 

The  other  numbers  show  the  contents  of  square  and  oblong  piles  j  the 
length  and  width  of  the  base  being  in  the  upper  line  and  in  the  left-hand 
column,  respectively. 

For  rifle  projectiles  :  Divide  the  number  of  projectiles  to  be  piled  by 
the  number  in  the  triangular  face  decided  upon,  and  multiply  this  num- 
ber by  the  caliber  in  feet  of  the  particular  projectile  to  be  piled. 

RIFLE  PROJECTILES. 

The  dimensions  provisionally  adopted  for  service  rifle  projectiles  are 
as  follows,  viz : 

Total  length,  2 J  calibers. 

Eadius  of  head,  IJ  diameter  of  projectile. 

Windage,  0'^05. 

The  cavity  for  cored  shot  and  for  shells  is  of  a  somewhat  similar  form 
to  the  exterior  of  the  projectile,  except  that  the  bottom  is  rounded,  and 
its  size  is  so  proportioned  as  to  secure  the  proper  weight  to  the  pro- 
jectile. 

The  following  formulas  are  useful  in  connection  with  this  subject : 

Volumes  of  solid  ogival  heads. 

For  an  ogival  head  of  1  diameter  radius : 

Volume  of  head  =      x  0'^395592. 
For  an  ogival  head  of  IJ  diameter  radius : 

Volume  of  head  =      x  0'^44765. 
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For  au  ogival  head  of  1 J  diameter  radius  : 

Volume  of  head  =      x  0''.49425. 
(D  =  diameter  of  shot.) 

Center  of  gravity  of  ogival  head. 

Distance  from  base  =  ^     +  ^?        ^  <       'I  " 

{r^  +  a')g-ig'  +  2as 

Length  of  head  =  g. 
Radius  of  head  =  r. 

Radius  of  head  —  radius  of  projectile  =  a. 

Weight  of  cored  shot. 

Small  calibers  i^^it .  large  calibers  (radius)^  X  2.8. 


l^LATK  1. 


SPHERICAI.  PROJECTlLi:S.  U.S.  LAND  SERVICE. 

I?  PVR.  SOLID  SHOT.  1'^  PD'H.  SHELL.  VI  PD'R.  CASE  SHOT. 


2U  PDTl.  SOLID  SHOT.  'iK  PTVH.  SHELL.  2u  P'D'H.  CASE  SrtOT. 


8  INCH  SOLID  SHOT.  8  INCH  SHELL.       8  INCH  MOHTAR  SHELL.     8  INCH  CASE  SHOT. 
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PLATE  .U^*'* 


s.  H.  (:anistf:r  and  crape  shot.  u.  s.  land  service. 
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inch  howitzer. 


[V£  |>6r.  howitzer 
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FIELD   rn^OJflCTlLES,  NOT  ADOPTED  AS  STANDAHD 
BUT  SUBJECT  TO  ESSUE. 

Dyer.  Parrot  t.  Butler. 
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CORED   SHOT   lAROE  CAL.1BERS. 
NOT  ADOPTED   AS   STANDARD   BUT' SUBJECT  TO  ISSUE. 


AiTick. 


Butler. 
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T1.ATK  IX 


FLASK  AND  PATTERN. 


15  INCH  CLUSTER  SHOT. 


/!^*  ™  


Seciion  at. 
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REPORT  ON  THE  'JVKUAL  ON  Till':  ll-INCPf  MUZZLE-LOADING  RIFLE  NO.  1. 

A  full  description  of  this  gun  with  details  of  fabrication  and  measure- 
ments will  be  found  in  the  rei)ort  of  the  Constructor  of  Ordnance  for  1879 
(see  Report  of  the  Chief  of  Ordnance,  .1 879,  pages  01-65). 

CARRIAGE. 

The  carriage  used  throughout  the  trial  was  the  ordinary  barbette, 
front  pintle,  15-inch  carriage  arranged  with  pneumatic  buffers  (14-inch, 
cylinders),  and  with  the  slight  modification  of  the  trunnion-beds  inci- 
dent to  the  diminished  diameter  of  trunnions  adopted  for  the  purpose  of 
correcting  muzzle  preponderance.  The  bolster  formerly  used  was  re- 
placed by  the  device  described  in  the  report  of  the  Constructor  of  Ord- 
nance for  1878  (see  Eeport  of  Chief  of  Ordnance,  1878,  Appendix  R  4) 
for  use  with  the  8-inch  breech-loading  rifle,  the  dimensions  and  weights 
having  been  increased  in  suitable  ratio  for  the  larger  caliber  of  gun. 

POWDERS. 

The  endurance  test  of  the  gun  was  so  conducted  as  to  combine  with  it 
the  trial  of  various  powders  selected  for  experimental  test  with  the  10, 11, 
and  12  inch  rifles,  with  a  view  to  determining  the  most  desirable  form  for 
this  especial  caliber  and  noting  en  passant  such  results  as  might  lead  to 
preliminary  specifications  for  powders  suitable  for  the  still  greater  caU- 
l3ers  contemplated  in  the  future.  In  this  way  the  test  for  endurance 
embraced  the  experimental  test  of  thirteen  varieties  of  i)owders,  the 
results  of  which,  so  far  as  regards  velocities  and  corresponding  energies 
and  pressures,  are  collated  in  the  table  accompanying  this  report.  At 
the  fifty-third  round  the  variety  F.  P.  C.  was  settled  upon  for  the  next 
hundred  rounds,  and  while  the  result  was  in  the  main  satisfactory,  it 
was  thought  at  its  conclusion,  the  one  hundred  and  fifty-second  round, 
advisable  to  try  a  duplication  of  the  I.  H.,  a  powder  of  slightly  higher 
density  and  finer  granulation,  with  a  view  of  securing  equal  energies 
and  lower  pressures  and  a  granulation  more  suitable  for  this  caliber. 
The  result,  it  will  be  seen,  was  satisfactory,  and  the  test  was  concluded 
with  this  form,  a  duplicate  of  the  I.  H.,  and  classed  I.  H.  A. 

PROJECTILES. 

The  projectiles  used  were  elongated,  cast-iron,  cored  shot  with  soft 
metal  sabots  of  the  Butler  pattern,  and  of  weights  averaging  originally 
500  and  550  pounds.  The  diminution  in  weights,  as  shown  in  the  table, 
is  due  to  abrasion  in  passing  into  or  through  the  sand-butts,  the  projec- 
tiles having  been  recovered  and,  after  re-sabotting,  re-employed. 

EFFECTS  ON  THE  GUN. 


The  trial  of  this  gun  was  purely  one  of  endurance,  and,  with  charges 
as  shown  in  the  table,  proceeded  without  event  to  the  two  hundred  and, 
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thirty-seventh  round  when,  the  impressions  having  shown  unusual  wear 
in  the  vent  piece,  it-  was  removed  for  examination.  Its  lower  portion 
was  found  to  be  badly  eaten  away  for  a  distance  of  2 J  inches  from  the 
bottom,  and  for  If  inches  of  this  distance  crushed  together  towards  the 
center.  In  replacing  it  the  vent  aperture  was  increased  one-fourth  of 
an  inch  in  diameter  in  consequence  of  the  injury  to  the  lower  threads 
in  the  wrought-iron  tube,  and  the  new  piece  dimensioned  accordingly. 
The  test  then  proceeded  without  further  incident  to  the  three  hundred 
and  twenty-first  round,  when  a  slight  weld  defect  was  detected  at  the 
lower  end  of  the  tube  directly  in  front  of  the  wrought-iron  cup  closing 
the  bottom  of  the  bore.  Carefully  noting  the  effects,  the  firing  was  con- 
tinued until  the  ^'  tewtale"  plainly  i)ointed  to  an  escape  of  gas  between  the 
tube  and  its  surrounding  jacket  which,  together  with  the  gutta-percha 
impressions  taken,  evidently  indicated  a  gradual  developmeut  of  the 
defective  weld.  At  this  stage,  tlie  conclusion  of  the  three  hundred  and 
thirty-fifth  round,  it  was  decided  to  place  in  the  bottom  of  the  bore  a 
bronze  cup  fitting  mechanically  the  old  cup,  and  with  edges  or  lip  ])to- 
jecting  3  inches  beyond  it,  thus  covering  completely  the  defect  men- 
tioned. After  this  the  gun  was  fired  with  full  battering  charges  until 
the  limit  fixed  upon,  400  rounds,  was  reached  and  passed.  There  was 
no  further  escape  of  gas,  no  abnormal  enlargements  of  bore,  and  the  gun, 
cupped  as  described,  remained  in  serviceable  condition. 

EFFECTS  ON  THE  CARRIAGE. 

The  carriage,  as  previously  described,  was  used  during  the  entire  test 
of  the  gun,  401  rounds,  without  repair ;  it  was  easily  manipulated,  work- 
ing smoothly  and  well,  and  gave  complete  satisfaction. 

CONCLUSIONS. 

The  board  regards  the  result  of  the  trial  as  establishing  the  fact  that 
reliable  conversions  of  the  15-inch  smooth-bores  into  11-inch  rifles  can 
be  made,  and  also  that  it  affords  additional  evidence  of  the  strength  of 
this  system  of  construction  as  applied  to  higher  natures  than  the  8-inch 
conversions  so  successfully  proved  in  former  experiments.  In  view, 
however,  of  the  fact  of  the  successful  proof  of  the  8-inch  breech-loading 
rifle,  involving  in  its  construction  the  use  of  the  wrought-iron  tube  for 
lining,  and  that  breech-loading  systems  must  supersede  muzzle-loading, 
the  board  would  recommend  no  further  alterations  to  muzzle-loaders 
pending  the  manufacture  and  trial  of  a  11- inch  breech-loader  altered 
from  a  15-inch  smooth-bore  now  being  fabricated  at  the  South  Boston 
foundry. 
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REPORT  OF  THE  TRIAL  OF  THE  8-INCH  BREECH-LOADING  RIFLE  No.  L 

A  full  description  of  this  gun  and  of  the  carriage  used  in  its  test,  with 
details  of  construction,  will  be  found  in  the  report  of  the  Constructor  of 
Ordnance  for  1878.  (See  Keport  of  the  Chief  of  Ordnance,  1878,  pages 
359,378,379.) 

POWDERS. 

The  powders  used  were  four  varieties  of  the  Du  Pont's  hexagonal, 
three  of  which,  the  F.  P.  B.,  G.  H.,  and  F.  P.  C,  were  of  a  density  of 
1.785,  granulation  G7.  The  remaining  variety,  and  that  mainly  used, 
was  the  E.  V.  J.,  density  1.750,  granulation  72. 

PROJECTILES. 

The  projectiles  were  elongated  cast-iron  cored  shot,  with  soft  metal 
sabots  of  the  Butler  pattern,  and  of  an  average  weight  of  180  pounds. 
FuU  descriptions  of  this  projectile  are  given  in  previous  reports  of  the 
board,  and  the  detailed  weights  and  dimensions  are  given  in  the  appended 
tables. 

EXPERIMENTS  AND  TESTS. 

Prior  to  the  commencement  of  the  test  for  endurance,  seven  prelimi- 
nary rounds  were  fired,  using  projectiles  weighing  about  185  pounds  and 
powder  charges  varying  from  15  to  30  pounds.  For  record  of  this  firing, 
see  Table  No.  1. 

The  preliminary  test  proving  satisfactory,  the  experimental  test  for 
endurance  was  begun,  using  throughout  battering  charges  of  35  pounds 
of  powder  and  projectiles  averaging  in  weight  180  pounds,  with  live  ex- 
ceptional rounds  of  25  and  30  pounds  of  powder  used  in  the  test  of  gas 
checks. 

Of  the  489  rounds  fired  using  full  battering  charges  of  35  pounds,  the 
powders  used,  and  number  of  rounds  with  each  variety,  with  the  corre- 
sponding average  weights  of  projectiles,  pressures,  muzzle  velocities  and 
energies,  were  as  follows : 


Powder. 

Number  of  rounds. 

Average  weight  of 
projectiles. 

!  Average  pressure 
per  □"of bore. 

Average  velocity 
at  muzzle. 

Total  average  en- 
ergy at  muzzle. 

Average  energy  at 
muzzle  per  inch 
of  shot's  circum- 
ference. 

Lbs. 

Lbs. 

Feet. 

Foot-tons. 

Foot-tons. 

r.  P.  B  

86 

181.4 

26.  216 

1339.  5 

2256.  2 

90.  34 

G.  H  

38 

181. 

26. 133 

1308. 

2146.  6 

85.  95 

F.P.C  

53 

180. 

27.  275 

1405.  3 

2464.  2 

98.  66 

E.  V.  J  

312 

179.5 

34.  081 

1415.  4 

2492.  8 

99.  81 

An  average  muzzle  energy,  with  all  powders  of  battering  charge,  35 
pounds,  and  an  average  weight  of  projectile  of  180  pounds  was  2,369 
foot-tons. 
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An  average  of  tlie  powders  of  lii<;lier  density  and  coarser  granulation 
shows  a  velocity  of  1,351  feet,  with  a  corresponding  pressure  of  20,541 
pounds,  Avhile  that  of  the  E.  Y.  J.,  of  slightly  lower  density  and  slightly 
finer  granulation,  shows  an  average  velocity  of  1,415  feet,  with  a  pressure 
of  34,081  pounds ;  a  pressure  entirely  within  the  capacity  of  the  gun.  In 
view  of  this  satisfactory  result,  the  board  would  recommend  for  the  serv- 
ice of  guns  of  this  class  a  powder  hased  npon  this  (E.  Y.  J.)  as  a  standard. 

EFFECTS  ON  THE  GUN. 

The  first  round  Avith  battering  charge,  being  the  eighth  fired  from  the 
gun,  developed  a  slight  escape  of  gas  on  the  exterior  of  the  gas-check  in 
the  direction  of  the  coil- weld  of  the  tube,  the  escape  exhibiting  itself  by 
powder  stains  on  the  face  of  gas-check  and  tube,  and  indicating  very 
clearly  a  defect  in  the  coil- weld  at  that  jioint.  The  first  gas-check  used 
was  a  Broad  well  steel  ring.  This  was  subsequently  changed  for  one  of 
brass,  then  one  of  copper,  and  finally  for  a  check  of  steel  and  copper 
combined.  From  these  changes  and  a  slight  reaming  out  of  the  seat  of 
the  gas-check,  the  escape  of  gas  varied  until  the  two  hundred  and  thirty- 
fifth  round,  when  the  combined  gas-check  was  so  modified  by  lengthen- 
ing and  thinning  the  lip  to  more  fully  cover  up  the  weld  defect.  The 
gun  was  then  fired  u]y  to  the  four  hundred  and  fifth  round  before  any 
further  escape  of  gas  was  observed.  From  this  to  the  four  hundred  and 
seventy-eighth  round  it  was  fired  with  slight  escape  of  gas,  and  from 
this  round  to  the  five  hundred  and  first,  which  was  the  limit  fixed  upon 
for  the  endurance  of  the  gun,  no  escape  of  gas  occurred.  The  bore  proper 
shows  slight  erosions  at  seat  of  shot,  but  the  increase  in  diameter,  as 
shown  by  the  different  star-gauge  records  accompanying  this  report,  is 
comparatively  slight,  amounting  to  0.009  of  an  inch. 

EFFECTS  ON  THE  CARRIAaE. 

The  carriage  from  which  this  gun  was  fired  throughout  the  trials  was 
carriage  'No.  3,  as  described  in  the  report  of  the  Chief  of  Ordnance  of 
1877.  It  worked  well  in  all  respects,  and  sustained  no  injury  during  the 
trials. 

CONCLUSIONS. 

The  endurance  of  this  system  of  gun  construction  and  the  endurance 
as  well  as  the  successful  manipulation  of  the  breech  mechanism,  in  the 
opinion  of  the  board,  have  been  satisfactorily  established,  and,  in  its 
judgment,  the  department  is  warranted  in  their  adoption  for  future 
new  constructions  as  well  as  in  future  conversions  of  smooth-bore  into 
rifled  guns. 
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o.  3. — Table  of  enlan/cments  ofS-inch  breech-loading  rifle  JS^o.  1. 


Enlargements  of  bore,  including  "setting  up"  of  tube,  after— 


Original  diamet 
bore. 

A  total  of  46 
rounds. 

A  total  of  72 
rounds. 

A  total  of  92 
rounds. 

A  total  of  140 
rouuds. 

A  total  of  265 
rounds. 

A  total  of  326 
rounds. 

'  (2 

■  e-c 
•—4  9 

cs  n 

i  -3  ^ 

CO 

1  <n 

!  |2 

A  total  of  501  ! 
rounds. 

Inches. 

— 

7.  990 

0.  000 

i    0. 001 

0.  001 

0.  002 

0.  005 

0.  005 

v.  uuo 

j    0.  OOo 

j 

1     0. 006 

.990 

.000 

1     . 001- 

.001 

.002 

.005 

.005 

1     .  uuo 

\     .  005 

.005 

.  990 

.000 

!     .  001 

.001 

.002 

.005 

.005 

1  Ant; 

.  005 

.005 

.  990 

.000 

.002 

.002 

.002 

.005 

.005 

\      .  \)\Jo 

1     . 00.5 

.005 

.  990 

.000 

1  .002 

.003 

.003 

.005 

.005 

.  005 

1  005 

.005 

.  990 

1  .001 

.003 

.003 

.003 

.006 

.006 

!  flftR 
1       .  UuO 

1     . 006 

j  .006 

.990 

.001 

.003 

.003 

.003 

.006 

.006 

1     . 006 

.  006 

1       . 000 

.  990 

.001 

.003 

.003 

.003 

.  006 

.006 

I         _  QQg 

008 

\  .008 

.  990 

.001 

.003 

.003 

.003 

.005 

.006 

j         _  OQg 

OO6 

1  .006 

.990 

.000 

.002 

.  002 

.003 

.005 

.005 

1  006 

1  .006 

.990 

.000 

.001 

.002 

.002 

.004 

.004 

1  005 

005 

;  .005 

.990 

.000 

.000 

.001 

.  001 

.004 

.004 

i  004 

.  004 

.004 

.  990 

.000 

.001 

.001 

.001 

.004 

.  004 

'     .  004 

1         _  QQ^ 

'.004 

.990 

.000 

.  002 

.002 

.002 

.005 

.  009 

.  00.5 

i  QQrj 

.005 

.991 

.002 

.004 

.004 

.004 

.007 

.  007 

1  007 

!  007 

.  007 

.993 

1  .002 

.003 

.004 

.004 

.006 

.  006 

I     .  000 

'  006 

.006 

.995 

.002 

.003 

.003 

.003 

.006 

.  006 

006 

1  006 

.006 

.995 

.005 

.005 

.  005 

.005 

.008 

.008 

'  ■    .  008 

1  oos 

.008 

.996 

.004 

.006 

.006 

.006 

.009 

.009 

.  009 

!  QQQ 

.009 

.996 

.004 

.005 

.  005 

.005 

.008 

.009 

009 

009 

.000 

.997 

.003 

.004 

.004 

.  004 

.008 

.008 

009 

.  009 

.009 

.  997 

.002 

.003 

.003 

.003 

.008 

.008 

.  008 

.  008 

.008 

.996 

.003 

.  005 

.005 

.005 

.008 

.008 

.  008 

.  008 

.008 

.996 

.002 

.  .004 

.004 

.004 

.007 

.007 

.  008 

.  008 

.008 

.995 

.001 

.002 

.003 

.003 

.  005 

.005 

.  008 

.  008 

.005 

.993 

.002 

•002 

.003 

.003 

.005 

.005 

.  006 

006 

.006 

.995 

.000 

.  002 

.002 

.002 

.004 

.  004 

.  004 

004 

.004 

.995 

.001 

.002 

.002 

.002 

.005 

.005 

.  005 

005 

.005 

.995 

.001 

.004 

.004 

.004 

.005 

.005 

.  006 

.  000 

.006 

.995 

.002 

.004 

.004 

.004 

.005 

.005 

.  006 

006 

.006 

.995 

.002 

.004 

.004 

.004 

.005 

.005 

.  008 

.  008 

.008 

.995 

.  002 

.004 

.  004 

.004 

.  005 

.  005 

.  007 

.  007 

.007 

.995 

.002 

.003 

.003 

.003 

.005 

.005 

.  005 

.  005 

.005 

.995 

.002 

.002 

.002 

.002 

.004 

.004 

005 

.  005 

.005 

.995 

.002 

.002 

.002 

.002 

.004 

.004 

.  004 

.  004 

.004 

.995 

.001 

.002 

.002 

.002 

.003 

.003 

.  004 

004 

.004 

.995 

.  001 

.002 

.002 

.002 

.003 

.003 

.  003 

.  003 

.003 

.995 

.001 

.001 

.  001 

.001 

.003 

.003 

.  003 

.  003 

.003 

.995 

.001 

.001 

.001 

.001 

.  .003 

.003 

.  003 

.  003 

.003 

.  995 

.  001 

.  001 

.  001 

.  001 

.  003 

.  003 

.  003 

003 

.  003 

.996 

.  000 

.000 

.000 

.000 

.003 

.003 

003 

003 

.003 

.996 

.000 

.000 

.000 

.000 

.004 

.004 

.  004 

.  004 

.004 

.996 

.  000 

.001 

.001 

.001 

.004 

.  004 

.  004 

.  004 

.004 

.996 

.000 

.001 

.001 

.001 

.004 

.004 

.  004 

.  004 

.004 

.996  i 

.000 

.000 

.000 

.000 

.  004 

.004 

.  004 

004 

.004 

.996 

.000 

.001 

.001 

.001 

.004 

.  004 

.  004 

.  004 

.004 

.996 

.  000 

.000 

.600 

.000 

.004 

,004 

!004 

!004 

.004 

.996 

.000 

.001 

.001 

.001 

.004 

.004 

.004 

.004 

,004 

.996 

.  000 

.001 

.001 

.001 

.004 

.004 

.004 

.004 

.004 

.996 

.000 

.001 

.001 

.001 

.004 

.004 

.004 

.004 

.004 

.996 

.000 

.002 

.002 

.002 

.004 

.004 

.004 

.004 

.004 

.996 

.  000 

.002 

.002 

.002 

.004 

.004 

.004 

.004 

.004 

.996 

.000 

.002 

.002 

.002 

.004 

.004 

.004 

.004 

.004 

.995 

.001 

.003 

.003 

.003 

.005 

.005 

.005 

.005 

.005 

.995 

.000 

.003 

.003 

.003 

.005 

.005  1 

.005 

.005 

.005 

.995 

.000 

.002 

.002 

.002 

.005 

.005  i 

.005 

.005 

.005 

.995 

.000 

.002 

.002 

.002 

.005 

.005  i 

.005 

.005 

.005 

.995 

.000 

.002 

.002 

.002 

.  005 

.  005  1 

.005 

.005 

^  .005 

.995 

.000 

.001 

.001 

.001 

.  005 

.005  ! 

.005 

.005 

%  -005 

.995 

.000 

.001 

.001 

.001 

.005 

.005  1 

.005 

.005 

^  .OOi 

Table  No.  2,  page  364,  Eeport  of  the  Chief  of  Ordnance,  1878, 
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REPORT  OF  THE  TRIAL  OF  AN  8-INCH  EXPERIMENTAL  MUZZLE-LOADING 
CHAMBERED  RIFLE  (No.  28). 

(Two  Plates.) 

A  full  description  of  this  gun,  converted  from  a  lO-iuch  Kodman 
smooth-bore,  giving  dimensions  and  capacity  of  powder-chamber  as  well 
as  other  detailed  information,  will  be  found  in  the  Report  of  the  Con- 
structor of  Ordnance  for  1880.    (See  Appendix  Sd.) 

CARRIAGE. 

The  carriage  used  throughout  the  119  rounds  fired  to  date  was  that 
known  as  the  altered  carriage  Ko.  1,"  arranged  with  the  compressor 
screw  and  recoil  rail,  a  full  description  of  which  is  given  in  the  report  of 
the  Ordnance  Board  for  1877.  (See  Eeport  of  the  Chief  of  Ordnace  for 
that  year,  pages  627,  028,  with  accompanying  plate.) 

POWDER. 

The  powder  used,  with  the  exception  of  one  round,  was  Du  Pout's 
hexagonal  F.  P.  C,  density  1,785,  granulation  67;  the  general  uniform- 
ity of  results  both  in  pressures  and  velocities  shows  it  to  be  of  careful 
manufacture,  and  power  attained  is  evidence  of  its  suitability  to  a  con- 
version of  this  nature.  The  exceptional  round  was  with  45  pounds  of 
hexagonal  E.  Y.  J.,  from  the  same  mills  5  it  is  of  slightly  lower  density 
and  finer  granulation,  and  giving  increased  pressure  with  the  lighter 
charge,  its  further  use  was  abandoned. 

PROJECTILES. 

The  projectiles  used,  with  the  exception  of  eight  rounds,  were  of  the 
Butler  pattern,  averaging  180  pounds  in  weight,  very  nearly,  and  simi- 
lar in  all  respects  to  the  projectiles  of  that  pattern  usually  employed  in 
8-inch  muzzle-loading  rifles.  The  exceptional  eight  rounds  were  in  test 
of  the  longer  Navy  shells,  which,  as  will  be  seen  from  the  appended 
table,  gave  unsatisfactory  results  as  regards  steadiness  of  flight. 

EXPERIMENTS  AND  TESTS. 

The  test  was  begun  with  the  regular  service  charge  for  non-cham- 
bered guns  of  this  caliber,  35  pounds,  and  gradually  increased  by  five- 
pound  additions  until  the  maximum  charge  intended  for  the  chamber, 
56  pounds,  was  reached,  when,  after  a  limited  number  of  trial  shots  and 
under  the  instructions  of  the  Chief  of  Ordnance,  one  hundred  rounds  in 
all  were  fired  with  this  weight  of  powder.  The  results  are  shown  in  the 
appended  Table  l^o.  1. 

The  effect  of  chambering,  and  the  consequent  increase  in  velocity, 
upon  the  accuracy  of  the  8-inch  rifle  was,  in  a  measure,  determined  by  a  tar- 
get of  ten  rounds  at  a  range  of  a  mile.   The  result  is  given  in  Table  No. 
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3  and  the  accompanying  plotted  target,  and,  as  sliould  be  expected,  is  in 
favor  of  the  clijfmbered  gun. 

Upon  tlie  completion  of  this  series  the  vent  piece  was  removed  from 
its  normal  i)osition,  the  vent  aperture  closed  with  a  copper  plug,  and  a 
new  vent  piece  inserted  in  a  vertical  plane,  containing  the  axis  of  the 
bore,  and  at  a  distance  of  104^^85  from  the  face  of  the  muzzle,  a  point 
slightly  in  rear  of  the  center  of  volume  of  the  powder  chamber.  Ten 
rounds  witli  full  cliarges  were  then  fired  to  note  the  effect  of  this  change 
of  position  of  the  vent,  and  the  results  are  embodied  in  the  appended 
Table  ^o.  4.  It  will  be  seen  that  the  average  velocity  was  reduced  by 
10  feet,  witli  a  proportional  decrease  of  pressure. 

EFFECTS  ON  THE  GUN  AND  CARRIAaE. 

Xotwithstanding  the  somewhat  higher  pressures  due  to  the  increased 
powder  charge  and  considerably  liigher  velocities  obtained  as  comj^ared 
to  the  unchambered  gun,  there  was  but  slight  wearing  of  the  bore. 
The  enlargements,  as  indicated  by  the  star  gauge,  are  shown  in  Table 
No.  i).    The  gun  remains  in  entirely  serviceable  condition. 

The  carriage  had  been  used  previously  in  the  test  of  other  guns,  hav- 
ing been  subjected  altogether  to  a  record  of  122  rounds  prior  to  the 
mounting  of  this  gun.  At  the  fourteenth  round  of  this  series  one  of  the 
front  guides  of  the  upper  carriage  broke  and  was  replaced  j  at  the 
fifteenth  the  connecting  rod  for  the  friction  plate  broke  and  was  repaired. 
With  these  exceptions  the  carriage  worked  satisfactorily. 

CONCLUSIONS. 

This  experiment  shows  that  with  pressures  entirely  within  the  limits  of 
safety  the  increased  velocity  due  to  chambering  has  increased  the  power 
of  the  8-inch  rifle  about  one-third,  and  that  the  increase  of  power  is 
accompanied  by  an  increased  accuracy  *bf  fire.  The  wear  of  bore  inci- 
dent to  the  higher  charge  with  the  one  hundred  and  eleven  rounds  fired 
seems  no  greater  than  that  in  the  unchambered  gun  with  the  35 -pound 
charge. 

The  board,  therefore,  recommends  the  adoption  of  the  system  of 
chambering  in  all  future  conversions  or  new  constructions  of  this  and  of 
11-inch  calibers.  In  higher  calibers  the  system  has  already  received  the 
ax)proval  of  the  department. 
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Table  No.  1. — Ueoord  of  firinga  with  an  experimen  tal  8-inch  muzzle-loading  chambered  rifle, 
No.  28,  from  December  12,  1879,  to  August  19,  1880,  inclusive,  at  Sandy  Hook,  New  York 
Harbor. 

Dkschu'TION  op  gun.— a  rillc  couvoriort  froni  a  lO-incli  Rodman  cast-iron  smooth-bore  by  lining  with  a 
jackotecl  wi  ought-irou  coiled  tnbo,  inserted  from  tlie  rear,  or  broech;  caliber,  8  inclios;  length  of  bore 
(including  chamber),  110.98  inches;  length  of  riding,  88.963  inches;  total  length  of  cliamber,  28.017 
inches;  diameter  of  chamber,  9  inches;  volume  of  chamber,  1,650  cubic  inches;  full  p(M\'der  capacity 
©f  chamlxa",  62  pounds ;  depth  of  grooves,  0.073  inch  ;  number  of  grooves  and  lands,  15 ;  twist  uniform, 
one  turn  in  60  calibers;  weight  of  gun,  16,065  pounds. 


Date. 

round. 

t-i 

a 

1879. 

Dec.  12 

1,2 

12 

3,  4 

12 

5,6 

12 

7,8 

1880. 

July  15 

17 

29 

29 

29 

33 

Aug.  12 

35,  36 

17 

37 

17 

41 

17 

45 

17 

50 

17 

55 

18 

60 

18 

65 

18 

70 

18 

75 

18 

80 

18 

85 

18 

90 

19 

95 

19 

100 

19 

105 

19 

108 

Charge. 


Dn  Pout's  hexagonal 
F.  P.  C. ;  density, 
1.785;  granulation,  67 

Du  Font's  hexagonal 
E.  V,  J.;  density, 
1.750;  granulation,  72 


Du  Pout's  hexagonal 
E.  P.  C. ;  density, 
1.785 ;  granulation,  67 


Cartridge. 


Pounds 
35 
45 
50 
55 


Inches. 
22 
26 
30 
34 


Inches. 
7. 15 
8.  50 
8.  50 
8.  50 


8.  50 


8.  50 
8.  50 
8.  50 
8.  50 
8.  50 
8.  50 
8.  50 
8.  50 
8.  50 
8.  50 
8.  50 
8.  50 
8.  50 
8.  50 
8.  50 
8.  50 
8.  50 
8.  50 
8.  50 


Projectile. 


Butler  cored  shot 

...do  

...do  

...do  


.do 


Pounds. 


-do 
.do 
.do 
.do 
.do 
.do 
.do 
.do 
.do 
.do 
do 
.do 
.do 
.do 
.do 
.do 
.do 
.do 
.do 


184 

20 

182 

20 

181 

20 

181 

20 

180 

20 

179 

20 

182 

20 

180 

20 

180 

20 

179 

20 

178 

20 

180 

20 

180 

.  20 

180 

20 

180 

20 

180 

20 

180 

20 

180 

20 

180 

20 

180 

20 

180 

20 

179 

20 

179 

20 

177 

20 

16  ORD 
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Table  No.  1. — Record  of  firings,  <j  c. — Continued. 


Date. 

Nnmber  of  round. 

Mean  observed  velocities  j 
of  the  projectile  at  109  ! 
feet  from  the  muz/.le  of 
the  pun,  as  rccordt  d  by 
Le  Bouleng6  chrono- 
graph. 

Velocities  at  the  muzzle. 

Total. 

Per  inch  of  shot's  ^ 
circumference.  ^ 

energy. 

Cm 
0 

a  .2 

S3  « 

OS  P 

u  b 

Per  pound  of  pow- 
der. 

Gas  pressure  per  square 
inch  of  bore,  as  taken 
with  Eodman's  internal 
pressure  gauge. 

1879. 

Feet. 

Feet. 

• 

Foot-ton8. 

Foot-tons. 

Foot  tons. 

Pounds. 

Dec.  12 

1,2 

1, 157 

1, 163 

1, 725 

69. 08 

34.  76 

49.  29 

15, 750 

12 

3,4 

1,433 

1,442 

2,  623 

105.  03 

52.  85 

58.  30 

26,  500 

12 

5  6 

1  534 

]  544 

2  991 

119.  76 

60.  26 

59.  82 

31  500 

12 
1880. 

7!  8 

M34 

1',  645 

2,  396 

135.  97 

68.  42 

61'.  75 

36^  500 

July  15 

17 

Lost. 

41,  000 

29 

29 

1,  613 

1,624 

3,  273 

131.  03 

65.  93 

59.50 

39,  OOO 

29 

33 

1,634 

1,645 

3,  415 

136.  72 

68.  79 

62.  09 

37,  500 

Ang.  12 

35,  36 

1,628 

1,639 

3,  353 

134.23 

67.  54 

60.  96 

36,  500 

17 

37 

1,638 

1,  649 

3,  394 

135.  90 

68.  38 

61.71 

37,  000 

17 

•41 

1,642 

1,653 

3,  392 

135.  82 

68.  34 

61.  68 

39,  500 

17 

45 

1,653 

1,665 

3, 419 

136.  90 

68.  88 

62. 17 

36,  50O 

17 

50 

1,603 

1,614 

3,  250 

130. 12 

65.  47 

59.09 

36,  000 

17 

55 

1,629 

1,  640 

3,  357 

134.  40 

67.  62 

6L  03 

36,  000 

18 

60 

1,637 

1,648 

3,  390 

135.  73 

68!  30 

61.64 

37,  500 

18 

65 

1,644 

1,655 

3, 419 

136.  90 

68.  88 

62. 17 

38,  OOO 

18 

70 

1,  618 

.  3,629 

3,311 

,  132.58 

66.71 

60.  21 

37,  500 

18 

75 

1,597 

1,608 

3, 225 

129. 14 

64.  98 

58.  64 

37,  500 

18 

80 

1,633 

1,  644 

3,  373 

135.  07 

67.  96 

61.  34 

41,  000 

18 

85 

1,  610 

1,  621 

3,  278 

131.  26 

66.  04 

59.  61 

38,  000 

18 

90 

1,638 

1,  649 

3,  394 

135.  90 

68.  38 

61.  71 

38,  000 

19 

95 

1,631 

1,642 

3,  365 

134.  73 

67.  79 

61. 18 

41,  000 

19 

100 

1,637 

1,  648 

3,  372 

135.  00 

67.  92 

61.  30 

38,  000 

19 

105 

1,598 

1,609 

3, 212 

128.  60 

64.  70 

58.  39 

40,  000 

19 

108 

1,613 

1,624 

3, 237 

129.  59 

65.20 

58.85 

REMAEKS. 

Distance  of  the  first  wire  target  from  muzzle  of  gun,  59  feet ;  distance  between  first  and  second  tar- 
gets, 100  feet. 

The  cartridge-hag  at  the  beginning  of  the  trial  was  ripped  open  along  the  longitudinal  seam  and 
refastened  with  a  steel  wire.  Subsequently  bags  8.5  inches  in  diameter  were  used,  and  the  surplus 
material,  after  allowing  7.5  inches  for  loading,  was  gathered  and  fastened  by  the  wire.  After  the  car- 
tridge was  pushed  to  the  bottom  of  the  bore,  the  wire  was  withdrawn  and  the  cartridge  then  pushed 
into  the  chamber,  when  longer  than  it,  as  in  the  55-pound  charges,  leaving  the  powder  loose  in  the 
chamber,  the  shot  in  each  case  being  set  home  only  to  the  end  of  the  rifling.  Allowing  30  cubic  inches- 
of  volume  per  pound  of  powder,  fifty-five  pounds  i.s  the  maximnm  capacity  of  the  chamber. 

Mean  weight  of  projectiles  (using  55-pound  charges),  179.85  pounds. 

Mean  velocity  at  muzzle  (using  55-pound  charges),  1,641  feet. 

Mean  maximum  pressure  (using  55-pound  charges),  37,809  pounds. 

Mean  energy  at  muzzle  (using  55-ponud  charges),  3j357  foot-tons. 
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Table  No.  6. — Table  of  enlargementa  of  S-inch  experimental  muzzle-loading  chambered 

rifle,  No.  28. 


«t-l 
o 

aeter 

ties. 

Enlargements  of  bore,  including  "setting  up  "  of  tube  after— 

pa  ^ 

,1  diac 

of  13 
ds. 

of  56 

US. 

of  93 
ds. 

of  109 
ds. 

ea  w 

■2  c 

■S  e 

*  s 

«  f5 

«  3 

-2  2 

o  o 

■2  £ 

2  S 

S  2 

O 

 ■ — 

... 

-A 



0.  002 

o.  000 

n  nil 

V.  Uo  i 

0.  043 

0.  059 

0.  066 

0.  067 

0. 068 

0.  002 

8.  000 

U.  UoO 

0.  043 

0  060 

0.  066 

0.  068 

0.  070 

0.  002 

8.  000 

0.  035 

0.  043 

0  058 

0.  064 

0  06.5 

0.  068 

0.  003 

8.  000 

0  033 

0.  041 

0  055 

0.  063 

0.  063 

0. 065 

0.  003 

8.  000 

0.  032 

0.  040 

0  053 

0.  059 

0.  061 

0.  064 

0.  003 

8.  000 

0.  030 

0.  038 

0  050 

0.  057 

0.  060 

0.  064 

0.  002 

a  (\{\{\ 

0  027 

0.  035 

0.  045 

0.  053 

0.  057 

0.  061 

0.  002 

o.  uuu 

<\  nor; 
u.  uzo 

0.  032 

0  040 

0,  047 

0.  050 

0.  052 

0.  002 

8.  000 

0.  024 

0.  029 

0  038 

0.  045 

0  045 

0.  051 

0 

Q  f\(\n 

0  02G 

0.  030 

0.  037 

0.  046 

0.  048 

0.  053 

0 

8.  000 

u.  u<iy 

0.  033 

0  038 

0.  047 

0.  049 

0.  052 

0.  014 

8  000 

0  030 

0.  033 

0.  038 

0.  047 

0.  047 

0.  048 

0.  014 

O.  UUi 

0  028 

0.  029 

0.  035 

0.  042 

0.  042 

0.  043 

0.  014 

8.  000 

ft  ftOft 
U.  UiO 

0.  028 

0  033 

0.  039 

0  039 

0. 040 

0.  014 

8  000 

0  025 

0.  026 

0.  031 

0.  037 

0.  037 

0.  038 

0.  014 

8.  000 

ft  ft97 
U.  U^5( 

0.  027 

0.  031 

0.  036 

0.  036 

0. 038 

0.  014 

8.  000 

ft  noi 

U.  VZi 

0.  024 

0  0^8 

0.  033 

0  033 

0.  033 

0.  015 

o.  uuu 

0  023 

0.  023 

0.  025 

0.  029 
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APPENDIX  de. 


REPORT  OF  THE  TRIAL  OF  THE  3.18-INCH  BREECH-LOADING  CHAMBERED 
RIFLE  NO.  774  WITH  EXPERIMENTAL  FIELD-CARRIAGE. 

This  gun,  an  alteration  of  the  service  3-in(3h  wrought-iron  rifle,  together 
with  the  experimental  iron  field-carriage  on  which  it  is  mounted,  will  be 
found  fully  described  with  details  of  construction  in  the  report  of  the 
Constructor  of  Ordnance  for  the  current  year.    (See  Ai)pendix  8a.) 

The  gun  and  carriage  were  placed  at  the  disposal  of  the  board  on  the 
26th  of  May  last,  accompanied  by  the  record  of  liring  to  that  date.  Since 
then  the  small  amount  of  available  ammunition  has  been  expended 
mainly  in  the  test  of  the  breech  mechanism  of  the  gun  and  the  strength  of 
the  carriage,  using  powder  charges  of  2J  and  3  pounds  with  projectiles 
weighing  12  pounds.  The  breech  mechanism  has  worked  well,  the  ob- 
turation is  complete,  and  the  movement  of  the  block  smooth  and  free. 

In  the  carriage  some  minor  points  of  weakness  were  developed  and 
have  been  corrected.  The  axle  was  soon  shown  to  be  of  inferior  ma- 
terial, and  has  been  replaced  by  one  which  thus  far  has  shown  no  dis- 
position to  yield.  The  Avheels,  originally  weighing  235  pounds  each,  have 
been  replaced  by  a  pair  of  new  construction  weighing,  each,  some  60 
pounds  less. 

Both  gun  and  carriage  are  now  ready  for  the  severer  tests  decided 
upon,  and  with  the  trial,  the  subjects  of  rifling  and  systems  of  projectiles 
adapted  to  the  breech-loading  field  artillery  to  be  issued  to  the  army, 
will  be  investigated  practically  to  such  an  extent  as  may  be  deemed 
necessary  to  obtain  definite  data  for  further  constructions  of  this  caliber 
now  contemi^lated  by  the  department. 
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APPENDIX  9/. 


REPORT  ON  POWDERS  FOR  4HNCH  SIEGE  RIFLE. 

In  tlie  report  of  the  board  for  1879  the  results  of  the  trial  of  several 
experimeutal  i)owders  for  this  gun  were  given,  the  object  of  the  trial  being 
to  procure  a  powder  which,  with  a  charge  of  about  7  pounds  and  a  pro- 
jectile of  35  pounds  in  weight,  should  give  a  muzzle  velocity  of  about 
1,600  feet  with  pressures  not  exceeding  40,000  pounds  per  square  inch 
of  the  surface  of  the  bore.  Of  the  thirteen  varieties  tried  up  to  the  date 
of  that  report,  that  known  as  H.  D.  No.  4  gave  the  most  promising  re- 
sults. Upon  resuming  the  exi^eriments  it  was  decided  to  try  one  of  the 
powders  of  coarser  granulation,  and  consequently  slower  burning,  and 
for  this  purpose  the  variety  of  Du  Pont's  manufacture,  known  as  sphero- 
hexagonal,  I.  B.  A.,  was  selected.  Beginning  with  three-pound  charges 
and  gradually  increasing  to  seven,  the  resulting  pressures  were  so  light 
and  the  velocities  advanced  so  regularly  that  the  charge  was  naturally  in- 
creased to  8  pounds.  By  reference  to  the  appended  table  it  will  be  seen 
that  this  charge  gave  an  average  velocity  of  1,542  with  a  corresponding 
pressure  of  2G,1GG  pounds  per  square  inch  of  bore.  With  this  satisfactory 
record  the  board  recommended  the  adoption  of  this  powder  for  service 
with  4 J  inch  rifle,  and  this  r^commeudation  received  the  approval  of 
the  department  in  April  last.  Upon  the  completion  of  an  order  for 
the  powder  for  issue,  based  upon  this  recommendation,  the  board  was 
furnished  with  samples  for  further  test.  The  results  gave  an  average 
pressure  of  32,500  pounds  with  a  corresponding  increase  in  velocity  from 
1,542  to  about  1,575  feet.  The  greater  pressure  (entirely  within  limits 
of  safety)  is  doubtless  due  to  a  great  extent  to  the  newness  of  the  sam- 
ple, and  ii)ilicates  for  stored  i)ONyder  a  velocity  of  1,550  feet  with  a  pres- 
sure of  ab  >ut  30,000  pounds  as  that  to  be  4epended  on  for  the  powder 
now  adoi)tcd  as  the  staMard  for  this  rifle. 

Experiments  to  ascertain  proper  kind  and  charge  of  powder  for  use  in  A^incli  siege  rifle. 
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Mean  average  muzzle  velocity,  using  8  pounds  I.  B.  A.  powder,  1,542  feet,  with  corresponding  pres- 
sure of  26,166  pounds. 

Mean  average  muzzle  velocity,  using  8  pounds  I.  B.  B.  powder,  1,575  feet,  with  correspouding  pres- 
8ure  of  32,500  pounds. 
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APPENDIX  10. 


REPORT  OF  THE  PRINCIPAL  OPERATIONS  AT  ROCK  ISLAND  ARSENAL 
DURING  THE  FISCAL  YEAR  ENDED  JUNE  30,  1880. 

MA.T.  D,   W.  FLAGLER,  ORDNANCE  DEPARTMENT,  COMMANDING. 

(Four  plates.) 
SHOP  a, 

All  iron  working  and  finishing  shop  for  the  arsenal. 
The  work  done  on  this  shop  during  the  fiscal  year  is  the  following : 

3Iasonry. 

The  stone  for  the  second  and  third  stories  has  been  all  cut  and  these 
two  stories  built  entire,  thus  completing  the  walls  of  the  building.  Only 
about  two-thirds  of  the  stone  for  these  two  stories  had  to  be  purchased, 
the  other  one-third  being  on  hand  at  the  beginning  of  the  year. 

Iron-icorl:. 

The  iron  beams  for  the  second  floor  have  been  drilled  and  fitted,  the 
caps  and  bases  for  both  floors  and  the  iron  columns  for  the  seiiond  story 
have  been  manufactured  in  the  arsenal  shops,  and  all  this  iron- work  has 
been  put  up  and  finished. 

The  iron  bar  for  the  roof  frame  has  been  all  made  from  old  scrap  in 
the  new  rolling  mill. 

»  Wood-ico)']{. 

The  door  frames  and  doors,  and  window  sash  and  window  frames, 
have  all  been  manufactured  during  the  year,  and  the  glass  all  purchased 
and  the  sash  all  glazed.  These  are  all  ready  for  putting  in  as  soon  as 
the  roof  is  on  the  building. 

The  window  hangings,  door  hinges,  bolts,  knobs,  and  other  house 
hardware  for  the  shop,  have  all  been  made  in  the  arsenal  shops  during 
the  year. 

Attention  is  invited  to  a  general  increase  in  w\ages  for  nearly  all  kinds 
of  labor,  and  a  great  increase  in  the  price  of  iron  that  has  occurred  dur- 
ing the  year.  This  increase  has  amounted  to  about  $8,000  in  all  for  the 
work  done  on  tliis  building,  and  has  diminished  the  amount  of  work 
done  on  the  building  accordingly.  I  expected  with  the  appropriation 
to  purchase  nearly  one-half  of  the  beams  for  the  roof  frame,  and  make 
a  i)ortion  of  the  roof  frame  during  the  winter  and  have  it  ready  to  put 
up  as  soon  as  the  w^alls  were  completed.  But,  for  the  reasons  stated, 
this  could  not  be  done,  and  the  delay  and  loss  embarrass  considerably 
the  work  of  completing  the  building  during  the  present  fiscal  year.  To 
complete  the  building  during  this  year  it  is  absolutely  necessary  that 
the  roof  should  be  manufactured  and  put  on,  and  all  the  fire-proof  brick 
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arches  for  the  floors  put  in,  before  frosfc  this  fall.  There  are  about  three 
acres  of  these  fire-proof  arches.  This  necessitates  the  purchase  of  the 
iron  beams  in  great  haste,  and  the  manufacture  of  the  iron  roof  frame 
in  the  arsenal  shops  in  great  haste  also,  during  the  months  of  July, 
August,  and  September  of  the  present  fiscal  j  ear,  while  other  work  is 
pushing. 

This  is  mentioned  here  simpl3^  to  illustrate  the  very  serious  difficulties, 
and  sometimes  losses  also,  incident  to  a  compliance  with  the  act  of  Con- 
gress of  July  12,  1870,  requiring  the  covering  into  the  Treasury  of  unex- 
pended balances  of  appropriations  at  t  he  close  of  the  fiscal  year. 

If  the  work  of  completing  the  building  could  be  deferred  from  June 
30  to  September  30,  1881,  three  months  only,  then  the  work  of  manu- 
facturing the  roof  frame  could  be  deferred  till  winter,  when  there  is  noth- 
ing else  to  do,  and  there  would  be  left  time  in  the  spring  to  put  on  the 
roof,  put  in  the  fire-proof  arches  in  good  weather,  and  finish  the  build- 
ing after  that. 

The  Grafton  stone,  of  which  the  walls  of  shop  G  are  built,  is  more 
durable  ihan  any  other  that  has  been  used  at  the  arsenal,  and  although 
it  matches  the  other  closely  in  color,  it  is  finer  in  appearance,  and  makes 
this  very  much  the  handsomest  building  at  the  arsenal. 

SHOP  I, 

A  wood-working  and  leather-working  shop  for  the  arsenal. 
The  work  done  on  this  shop  during  the  fiscal  year  is  as  follows  : 

Stone-ivorlc. 

The  walls  of  the  first  story  above  the  basement  have  been  built  entire, 
and  nearly  all  the  stone  for  the  second  story  has  been  purchased,  and 
part  of  it  has  been  cut. 

Iron  worlc. 

The  beams  for  one-half  of  the  second  floor  have  been  purchased,  drilled, 
and  fitted,  asid  the  columns,  caps,  bases,  and  other  iron- work  for  the 
same  have  been  manufactured  in  the  arsenal  shops,  and  this  iron-work 
put  up. 

Attention  is  invited  to  the  fact  that  the  last  annual  estimate  sent  to 
the  Chief  of  Ordnance  includes  an  estimate  for  sufficient  funds  for  fin- 
ishing this  building.  This  estimate  is  ample  for  comi)leting  the  building, 
unless  unexpected  and  very  unusual  changes  in  the  i)rice  of  materials 
should  occur. 

This  estimate,  added  to  the  amounts  heretofore  appropriated  for  and 
expended  on  the  building,  makes  a  total  of  $333,500,  which  is  $270,000 
less  than  the  cost  of  each  of  the  first  two  shops  built  at  the  arsenal. 
The  buildings  are  precisely  the  same  in  dimensions  and  construction. 
The  two  shops  referred  to,  which  were  built  first,  are  B  and  C,  and  they 
were  completed  in  1872.  Probably  $125,000  nearly  of  this  money  is 
due  to  natural  changes  in  the  prices  of  labor  and  material.  The  remain- 
der is  due  to  changes  in  the  method  of  doing  the  work,  and  largely  to 
the  production  in  the  arsenal  shops  of  articles  required,  and  of  doing 
the  work  by  government  employes  instead  of  procuring  the  same  l)y  pur- 
chase and  contract. 
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^iiop  ir, 

An  iron-linishiiig  shop  for  the  armory. 
The  work  done  on  this  shop  during  the  fiscal  year  is  as  folk)ws : 

Masonry. 

About  one-third  ot*  the  foundations  for  the  main  walls  of  the  building 
have  been  put  in,  thus  completing  tlie  foundations  of  the  walls,  and  the 
foundations  for  the  7()  stone  piers  which  support  the  tloors  have  been 
put  in.    (A  description  of  this  work  will  be  given  further  on.) 

The  walls  of  the  basement  story  have  been  completed,  all  the  stone 
piers  have  been  built,  and  the  iron  bases  for  supi)orting  the  columns  of 
the  next  story  have  been  made  and  put  on  them,  and  about  four-fiftlis  of  the 
stone  required  for  tlie  next  story  has  been  jnirchased  and  cut  and  is  now 
ready  for  setting.  This  stone  has  been  furnished  under  contract  by 
Messrs.  Sanger  Moody,  from  their  Joliet  quarries,  the  same  quarries 
that  have  furnished  most  of  tlic  other  Joliet  stone  used  at  the  arsenal. 
It  has  been  furnished  with  great  promptness,  and  ist^e  best  stone,  both 
in  quality  and  dimensions,  that  has  come  from  these  quarries. 

The  wliole  amount  of  masonry  foundations  put  in  for  this  building 
during  the  year  was  4,292  cubic  yards.  The  amount  put  in  during  the 
previous  year  was  4,G47  cubic  yards,  making  the  total  amount  of  foun- 
dations for  this  building  8,939  cubic  yards,  which  is  about  1,400  yards 
more  than  the  walls  of  the  building  will  contain. 

In  my  annual  report  for  the  fiscal  year  ending  June  30,  1879,  a  full 
description  was  given  of  the  foundations  for  this  building  that  were  put 
in  during  that  year,  and  geological  charts  on  Plate  I,  w^hich  accompa- 
nied that  report,  exhibited  the  strata  passed  through  in  the  excavations 
for  foundations  and  the  bottom  on  which  the  foundations  rest. 

Plate  I,  transmitted  herewith,  gives  the  same  information  in  regard 
to  the  foundations  put  in  during  the  year  ending  June  30,  1880,  and  as 
the  preservation"  of  this  information  may  become  important  to  those 
who  are  to  come  after  us,  the  drawings  of  the  foundations  put  in  the 
previous  year  are  put  in  on  this  sheet  also,  so  that  this  sheet  shows 
all  the  foundations  for  the  walls  of  the  whole  building. 

The  character  of  the  work  done  and  the  difficulties  encountered  are 
precisely  the  same  as  were  described  in  my  annual  report  for  the  pre- 
vious year,  and  therefore  no  further  description  of  the  work  is  given 
here. 

An  additional  drawing  (Fig.  5)  is  shown  on  Plate  I  to  describe  better 
the  bottom  of  the  foundations  in  the  difficult  pocket  encountered  in  the 
previous  year.  A  portion  of  the  information  used  in  making  this  draw- 
ing was  obtained  in  making  excavations  for  an  adjacent  pier,  which  work 
and  its  connection  with  the  old  foundations  are  described  further  on. 
U^  On  Plate  II,  Fig.  2,  is  shown  the  masonry  foundations  of  one  pier, 
the  strata  passed  through  in  excavating  for  the  same,  and  the  bottom 
on  which  the  foundations  rest.  Fig.  1  on  the  same  sheet  is  a  plan  of 
the  building  on  which  all  the  piers  are  numbered  consecutively  from  1  to 
76,  and  on  the  same  plate  a  table  gives  the  depth  of  excavation  for  each 
pier  foundation,  the  dimensions  of  each  foundation,  and  the  character  of 
the  bottom  on  which  it  rests.  It  is  believed  that  this  gives  all  the  in- 
formation that  can  ever  be  required  in  regard  to  these  foundations. 
The  character  of  the  foundations  and  the  method  of  putting  them  in 
was  the  same  as  has  been  described  in  previous  reports  and  is  not  re- 
peated here. 
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The  trouble  with  water  was  more  serious  in  the  excavation  for  these 
pier  foundations  than  in  excavating  for  the  walls.  The  latter  being  long 
trenches,  steam -pumps  of  large  power  could  be  placed  at  low  places  at 
long  intervals  and  made  to  drain  long  stretches  of  from  100  to  200  feet 
and  discharge  the  water  through  i)ipes  and  troughs  into  the  sewers. 
The  excavations  for  the  piers  being  separate  excaA'ations,  the  expense 
of  setting  a  steam-pump  for  each  would  have  been  too  great.  The  Avater 
had  to  be  pumped  with  numerous  hand-pumps,  and  getting  rid  of  the 
water  economically  from  so  many  x)its,  over  so  large  an  area,  was  ex- 
ceedingly difficult.  After  excavating  it  was  necessary  to  operate  the 
pumps  until  the  masonry  was  raised  above  the  Avater-level. 

As  shown  by  the  drawings,  all  these  excavations  passed  through  beds 
of  sand  and  gravel.  The  natural  drainage  of  these  beds  was  stopped 
some  years  ago  by  a  heavy  fill  of  clay  and  rock  along  the  line  of  North 
avenue,  so  that  all  the  rainfall  on  an  area  of  about  7  acres  found  its 
way  into  these  excavations  and  had  to  be  i)umped. 

PIER  26. 

The  drawings  on  Plate  III  exhibit  the  excavations  for  and  foundations 
of  pier  No.  26.  This  work  was  more  difficult  than  any  foundation  work 
I  have  had  to  do  at  the  arsenal.  As  shown  on  the  drawing  (Fig.  5)  this 
excavation  is  alongside  the  deep  excavation  made  for  the  main  wall  in 
the  previous  year,  and  is  7  feet  deeper,  making  a  total  depth  of  ^^4  feet. 
This  excavation  furnished  the  information  for  the  additional  drawing 
of  the  old  foundations  gi^fen  on  Plate  I. 

It  should  be  stated  here  that  this  costly  excavation  might  have  been 
avoided  had  the  only  object  been  to  provide  a  foundation  for  a  pier  to 
support  the  floors  and  columns.  The  total  weight  to  be  sustained  by 
the  pier  is  138  tons.  It  was  practicable  to  substitute  au  iron  column  for 
the  pier,  and  then  support  this  column  by  truss  rods  hung  from  the 
main  wall  and  one  of  the  adjoining  piers,  having  first  strengthened  the 
main  wall  and  adjoining  pier  for  bearing  the  increased  weight.  This 
was  objectionable  because  it  would  have  been  a  blot  upon  the  building^ 
insomuch  as  it  would  have  been  a  make-shift  and  have  shown  a  failure 
to  procure  a  foundation. 

A  study  of  the  information  gained  in  the  adjacent  excavation  made 
in  the  previous  year  led  me  to  believe  that  I  would  find  a  good  rock 
foundation  for  the  pier  at  a  depth  of  about  26  feet ;  also,  preliminary 
soundings  struck  this  rock. 

When  uncovered,  however,  it  was  found  to  be  only  a  soft  projecting 
point  of  the  ledge  found  in  the  previous  year.  It  was  then  drilled,  split 
ofl',  and  taken  out,  and  renewed  soundings  in  the  soft  clay  below  again 
gave  apparently  good  rock  about  11  feet  deeper.  This,  when  reached, 
was  found  to  be  only  a  large  loose  mass  of  rock,  bedded  in  the  loose, 
soft  clay,  and  had  to  be  taken  out.  * 

*  These  great  irregular  crevices  and  pockets  in  the  rock  underlying  the  island, 
Tvhich  have  given  so  much  trouble  in  procuring  foundations  in  some  cases,  have  been 
partially  described  in  previous  reports.  First,  these  crevices  and  pockets  appear  to 
have  been  formed  by  a  breaking  up  of  the  rock  and  its  wearing  away  with  water.  At 
a  subsequent  period  they  have  been  filled  up  with  deposits  of  clay  and  drift  (sand  and 
gravel)  mixed  with  small  fragments  and  sometimes  large  masses  of  rock,  worn  and 
broken  from  the  adjacent  ledges.  Sometimes  foreign  bowlders,  brought  from  a  dis- 
tance, have  been  found  at  great  depths.    (See  K  and  L,  Fig.  5,  Sheet  I.) 

In  many  places  the  irregular  form  of  the  crevices  and  pockets,  projecting  points  of 
rock,  and  loose  masses  of  rock  wedged  in  between  solid  beds  appear  to  have  kept  the 
weight  of  superincumbent  drift  from  the  lower  beds,  and  the  latter  are  sometimes  a 
loose  filling  of  clay,  mixed  with  stones,  saturated  with  water,  and  sometimes  so  soffc 
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SoundiM^s  injide  in  tliis  way,  froiii  i)ltico  to  i)Uice,  indicated  tliat  a 
good  rock  foundation  could  be  obtain(id  until  the  excavation  bad  readied 
a  dci)tb  of  58  feet.  The  soundings  at  this  point  showed  tlnit  good  rock 
foundations  could  not  be  obtiiined  at  idl  within  a  rcusuniibic  dc[>lh.  I 
would  theu  have  tilled  ui)  the  hole,  abandoned  ])utting  in  a  pier,  and 
have  substituted  therefor  the  iron  column  and  truss  (lescribed  a  few 
pages  back,  had  not  the  careful  soundings  made  at  this  point  led  me  to 
fear  that  the  foundations  of  the  adjacent  main  wall  of  the  building,  put 
in  the  previous  year,  were  not  as  secure  as  I  had  supi)osed.  (For  con- 
venience I  will  call  these  the  old  foundations.)  I  then  determined  to  go 
down  at  least  to  the  bottom  of  the  old  foundations,  and,  as  far  as  pos- 
sible, do  whatever  might  be  found  needful  to  secure  and  strengthen  them. 
This  was  done. 

It  is  not  easy  to  give  a  full  and  clear  description  of  all  that  was  found 
out  and  done  in  regard  to  these  foundations,  and  only  a  partial  descrip- 
tion will  be  attempted. 

Fig  5,  Plate  I,  is  a  plat  of  the  bottom  of  the  old  foundation.  Eock  R 
is  strong  limestone.  Kock  M  M  is  soft  and  brittle,  mixed  clay,  sand,  and 
lime-rock  that  appears  to  be  a  later  deposit  than  the  other  rock.  It  is 
a  good  solid  foundation  for  supporting  weight,  but  not  for  resisting  a 
tendency  to  slide.  K  is  a  bowlder,  apparently  granite,  firmly  bedded  in 
it.  L  is  another  bowlder,  bedded  in  the  same  rock  at  one  end,  and  ap- 
parently fastened  into  rock  R  at  the  other.  S  is  a  crevice,  and  could  not 
be  sounded  to  a  considerable  depth  because  of  its  irregular  rock  sides.  / 
The  surface  of  rock  R  declines  toward  L  at  an  angle  of  about  10°.  The 
crevice  S  could  not  be  cleaned  out  thoroughly  without  taking  up  rock 
R.  The  condition  of  the  sheathing  of  the  excavation,  the  season  of  the 
year,  the  flow  of  water,  and  many  other  difficulties  made  it  impracticable 
to  dp  this  or  go  deeper  with  the  excavation.  The  crevice  S  was  cleaned 
out  as  deep  as  possible,  filled  with  concrete,  and  the  foundation  built  on 
the  bottom  as  shown  on  the  plat  and  described  above.  I  deemed  the 
foundation  secure.  For  description  of  masonry,  see  drawings  on  Plate 
I  and  report  for  fiscal  year  ending  June  30,  1870. 

The  only  defect  in  the  foundation  was  crevice  S,  or  rather  the  lack  of 
certain  knowledge  in  regard  to  its  extent  and  character,  and  a  barely 
possible  tendency  of  the  foundation  to  slide  toward  L. 

The  soundings  made  at  a  depth  of  58  feet  in  the  adjacent  pier  excava- 
tion, which  Avere  mentioned  a  few  pages  back,  led  me  to  suppose  that 
crevice  S  enlarged  into  a  wide  pocket  beyond  the  point  L,  and  that 
therefore  the  foundation  was  not  as  secure  at  that  i^lace  as  was  supposed. 

that  men  and  tools  might  sink  suddenly  into  them  out  of  sight.  In  some  cases  small 
caves  or  empty  pockets  have  been  found.  Large  loose  fragments  of  rock  weigh- 
ing as  much  as  40  tons  have  been  found  bedded  in  the  loose  clay.  These  were  some- 
times insecure,  could  not  be  built  upon,  and  care  was  required  to  avoid  mistaking 
them  for  solid  rock  or  for  fragments  resting  on  solid  rock.  If  bedded  in  the  soft  clay, 
they  had  apparently  settled  until  a  position  of  equilibrium  was  reached.  If  weight 
were  added  by  building  on  them,  their  equilibrium  would  be  disturbed  and  they 
would  settle,  surely  though  slowly.  Sometimes  these  masses  have  been  passed  in  sink- 
ing excavations,  and  the  water  running  through  the  sheathing  below,  bringing  earth 
with  it,  would  gradually  undermine  the  stone,  cause  it  to  settle  against  the  sheathing, 
and  slowly  distort,  crush,  and  break  the  sheathing,  no  matter  how  strong.  This  break 
m  the  rock-bed  of  the  island,  forming  a  sort  of  underground  ravine  and  probable  an- 
cient water  way  in  the  rock,  runs  diagonally  from  southeast  to  northwest  across  the 
site  of  the  shops,  so  as  to  include  about  two-thirds  of  the  site  of  shop  I,  and  nearly 
all  of  shop  G,  in  the  arsenal  row,  and  nearly  all  of  shop  H,  about  one-half  of  shop  F, 
and  a  little  comer  of  shoj)  D,  in  the  armory  row.  On  both  sides  of  this  ravine  the  rock- 
bed  is  solid  and  good,  and  the  most  perfect  foundations  were  obtained  without  trouble. 

No  trouble  is  anticipated  in  procuring  perfect  rock  foundations  for  shop  K,  the  only 
shop  whose  foundations  are  not  now  completed. 
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When  the  pier  excavation  liad  passed  below  the  old  wall  foundation  the 
above  supposition  was  confirmed,  and  I  also  found  by  soundings  that  the 
crevice  S  extended  and  enlarged  under  rock  R.  These  soundings  showed, 
however,  that  the  portion  of  rock  R  which  is  under  the  dotted  shading- 
lines  rested  on  solid  rock  below. 

Fig  1,  Plate  III,  shows  in  plan  the  relative  positions  of  the  pier  ex- 
cavations and  the  old  wall  foundation.  // //is  the  bottom  of  the  old 
wall  foundation ;  g  0  g  fj  is  the  bottom  of  the  new  pier  foundation.  The 
latter  is  7  feet  below  the  former.  In  going  down  below  the  old  founda- 
tion, bowlder  L  was  loosened  and  removed,  and  quantities  of  loose  rock 
and  clay  were  taken  out  of  crevice  S  from  underneath  the  old  founda- 
tion. From  this  point  the  lateral  soundings  were  made  into  crevice  S 
and  under  rock  II.  The  information  obtained  is  shown  in  the  cross- 
sections  in  Fig  2,  Plate  III. 

From  the  bottom  of  the  pier  excavation  g  g  g  g  deep  vertical  sound- 
ings were  made.  These  gave  no  probability  of  finding  a  good  rock 
foundation.  The  soundings  were  made,  with  steel-pointed  jointed  iron 
bars  and  jointed  drills.  Loose  masses  of  rock  in  the  soft  clay  interfered 
with  the  soundings.  The  lateness  of  the  season  (November  4),  the  con- 
dition of  the  sheathing  above,  and  the  inflow  of  water  made  a  deeper 
excavation  impracticable,  and  the  soundings  indicated  that  it  would  be 
useless.    I  then  determined  to  put  in  i)iles. 

The  loose,  saturated  clay  is  a  i^oor  material  for  sustaining  piles.  The 
fragments  of  rock  bedded  in  it  interfered  with  driving  them.  To  over- 
come the  latter  difficulty  the  bottom  of  the  piles  were  shod  with  heavy, 
sharp-pointed  iron  shoes,  to  split,  break,  or  push  the  rock  aside.  Twenty- 
six  12-inch  square  jiiles  were  driven  to  depths  varying  from  14  to  17  feet. 
Their  positions  are  shown  in  Fig.  3. 

It  should  be  remembered  that  the  excavation,  in  the  bottom  of  w4iich 
the  piles  were  driven,  was  only  10  by  12  feet,  and  was  7 4  feet  deep.  The 
space  was  tilled  up  with  a  network  of  sheathing  timbers,  irregularly 
placed  to  meet  excessive  pressure  at  different  points.  A  steam  pump 
was  operated  at  the  bottom  of  it,  and  space  had  to  be  provided  for  steam 
and  water  inpes  and  plank  tubes  through  which  material  was  hoisted 
out. 

In  driving  the  piles  a  timber  tube  was  used  to  guide  the  drop  among 
the  sheathing  timbers  and  prevent  accidents  to  workmen,  the  pump,  &c. 
This  tube  is  shown  in  Fig.  5.    It  is  30  feet  long. 

The  piles  were  lowered  through  the  tube ;  then  the  drop  was  lowered 
down  to  rest  on  the  pile,  the  tripping  apparatus  inserted  in  the  top  of 
the  tube,  and  the  driving  was  done  by  a  steam-engine,  in  the  oj^dinary 
way.  The  driving  had  sometimes  to  be  done  with  the  tube  inclined 
until  the  top  was  2|  feet  out  of  plumb.  It  worked  well  with  this  amount 
of  inclination. 

The  drop  weighed  900  pounds,  and  the  driving  was  continued  as  long 
as  a  drop  of  27  feet  imi>arted  any  motion  to  the  pile. 

Before  putting  in  the  inles  the  loose  rock  and  mud  was  cleaned  from 
under  rock  R  and  from  crevice  S,  under  the  old  foundation,  as  far  as 
practicable,  with  long  hoes  and  other  devices,  and  the  space  was  then 
refilled  with  well-rammed  concrete,  while  a  special  effort  was  being  made 
with  the  pump  to  keep  down  the  water.  The  adjacent  piles  were  then 
driven  with  an  inclination  under  the  old  foundation  so  as  to  crowd  the 
bed  of  concrete  and  loose  fragments  of  rock  more  firmly  into  the  crevice. 

After  the  pile  driving  was  finished,  the  tops  of  the  piles  were  sawed 
off  evenly ;  the  interstices  between  them  were  cleaned  out  to  a  depth  of 
4  feet,  and  then  filled  with  concrete  well  rammed  with  iron  tamping 
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bars.  On  this  a  course  of  footing  stones  12  inches  thick  was  laid.  On 
these  ordinary  masonry  was  laid,  with  occasional  courses  of  footing 
stones,  till  the  surface  of  the  ground  was  reached.  (See  Eig.  4,  Plate 
III.)  Eagle  Portland  cement  was  used  for  all  this  masonry.  The  work 
lasted  till  heavy  frosts  set  in.  Hot  water  was  used  at  times  for  mixing 
the  mortar  and  keeping  it  warm  till  it  was  lowered  below  frost  in  the 
pit.  The  masonry  was  brought  up  to  within  7  feet  of  tlie  surface.  Then 
the  hole  was  filled  with  clay  till  warm  weather  in  the  spring,  when  it 
was  taken  out  and  the  pier  completed.  The  excavation  was  commence<l 
August  1  and  completed  November  4.  The  pile  driving  was  finished 
i^ovember  IG,  and  the  masonry  work  December  4. 

OPINION. 

It  is  not  i^robable  that  these  foundations  will  ever  settle  enough  to 
give  serious  trouble.  They  can  only  settle  a  little,  and  very  slowly. 
They  cannot  give  way  so  as  to  endanger  the  building. 

The  pier  foundation  is  more  likely  to  settle  than  the  other.  If  this 
should  happen,  it  can  do  no  harm.  It  would  only  cause  a  slight  settling 
of  the  shop  floor  over  the  pier,  and  this  can  be  easily  remedied  by  wedg- 
ing up  the  iron  base  on  the  masonry  pier. 

The  pier  foundation  buttresses  and  strengthens  the  wall  foundation, 
and  its  weight  secures  the  latter  still  more  by  pressure  against  whatever 
underlies  the  wall  foundation.  For  this  reason  a  settlement  of  the  pier 
foundation  would  probably  benefit  the  wall  foundation. 

The  worst  that  can  ever  happen  would  be  a  sufficient  settling  of  the 
wall  foundation  to  cause  a  serious  crack  in  the  wall  of  the  building.  If 
this  ever  occurs,  the  only  remedy  will  be  to  take  down  and  rebuild  a 
portion  of  the  wall  on  the  present  foundation.  This  should  not  be  done 
until  the  settling  was  finished.  It  is  certain  that  the  foundations  now 
in  are  the  best  that  could  be  built,  and  nothing  would  be  gained  by 
attempting  to  improve  or  strengthen  them. 

ROLLING  MILL. 

As  the  manufacture  of  bar  iron  from  scrap  in  this  mill  is  an  experi- 
ment, the  following  report  of  the  work  done  in  this  shop  during  the  year 
is  made : 

In  my  last  annual  rei)ort  a  report  was  made  of  some  work  done  be- 
tween June  15  and  July  17,  1879  therefore  this  work  is  not  reported 
here. 

From  January  21  to  20,  1880,  the  furnace  and  steam  hammer  were 
run,  and  01,071  pounds  of  hammered  blooms  were  made  for  making  the 
high  grade  of  bar  iron  required  for  roof  rods  of  shop  G.  These  blooms 
were  subsequently  rolled,  reheated,  and  reroUed  once,  to  make  the  finished 
bar  required  for  the  roof  rods.  This  gave  a  very  tough,  fibrous  iron 
that  works  and  welds  well  in  the  forging  shop.  Numerous  tests  of  sam- 
ples gave  an  ultimate  tenacity  of  from  51,000  to  54,000  pounds,  and  a 
minimum  elastic  limit  ot  30,000.  The  latter  is  higher  than  anything  I 
have  known,  and  is  the  important  quality  for  this  iron.  I  believe  the 
iron  is  better  than  that  which  has  been  used  in  the  other  roofs. 

April  8  to  13  and  May  12  to  14  the  mill  was  run  in  rolling  the  above 
iron,  making  more  blooms  and  rolling  them,  and  in  rolling  common 
iron  directly  from  scrap  piles  without  blooming.  The  total  amount 
of  bar  made  was  130,000  pounds.  Of  this  77,000  pounds  were  for 
roof  rods,  and  the  remainder  common  bar  for  general  use  and  rail- 
road rail  for  tramways  and  derrick  tracks.    The  total  expenditure  was 
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$2,012.53,  or  $1.55  cents  per  i)ouud.  The  cost  of  the  iron  at  prices  which 
have  held  during  the  year  would  have  been  about  $4,600.  The  cost  of 
running  the  large  boilers  and  engine  for  operating  the  steam  hammer 
and  fan  for  blooming  only,  when  the  mill  was  not  running,  has  made  the 
iron  cost  more  than  it  should.  No  more  blooms  should  be  made  until  a 
boiler  can  be  put  over  the  rolling  mill  heating  furnace  to  furnish  steam 
for  these  purposes. 

I  also  hope  to  procure  regular  arsenal  workmen,  who  can  perform  the 
duties  of  furnace  man  and  hammerer,  and  avoid  the  extraordinary  wages 
which  had  to  be  paid  last  year.  This  should  reduce  the  cost  of  bloom- 
ing to  about  $8  per  ton,  and  the  cost  of  making  bar  iron  from  scrap  to 
1  cent  per  pound. 

IMPROVEIVIENT  OF  GROUNDS,  PRESERVATION  OF  BUILDINGS,  BRIDGES,  ^.^C. 

During  the  fiscal  year  the  exterior  woodwork  of  shop  B  and  of  the 
three  sets  of  subaltern  officers'  quarters  have  been  rei)ainted  for  preser- 
vation; a  new  tloor  has  been  put  on  the  wagon  bridge  to  Moline;  the 
oak  lumber  for  a  new  floor  to  the  wagon  bridge  to  Rock  Island  has  been 
purchased  and  stacked  for  seasoning ;  Fort  Armstrong  avenue  and  the 
causway  leading  to  the  Rock  Island  wagon  bridge  have  been  macad- 
amized; tlie  grounds  reserved  as  sites  for  officers'  quarters,  east  of  those 
now  built,  have  been  graded,  and  liedges  and  trees  planted  and  fences 
built ;  a  portion  of  the  grounds  along  the  line  of  East  avenue  has  been 
graded,  gutters  built,  and  trees  planted,  and  the  grounds  in  the  vicinity 
of  the  i)ulley  house,  at  the  water-])ower  dam,  have  been  graded,  a  fence 
built  around  them,  grass,  trees,  and  ornamental  shrubs  planted,  walks 
and  roads  built,  and  a  rough  rock  ornamental  fountain  put  in. 

Five  cast-iron  gates  have  been  put  into  the  water-power  dams  to  re- 
place the  wooden  ones,  which  have  warped  and  broken.  On  Plate  IV, 
transmitted  herewith,  are  drawings  of  these  gates.  When  not  bolted 
together  for  use  in  fiont  of  a  water  wheel  which  is  in  use,  these  gates 
are  so  arranged  that  any  of  the  upper  sections  can  be  raised  without 
disturbing  the  lower  ones,  for  drawing  off'  bark,  chips,  and  drift  from 
the  pool.  One  man  can  raise  and  lower  the  gates  with  the  pressure  of 
the  head  of  water  against  them.  The  wooden  gates  were  not  designed 
to  be  and  could  not  be  moved  with  the  pressure  of  the  head  of  water 
against  them.  They  are  now  generally  so  much  warx)ed  that  they  can 
not  be  moved  at  all  without  breaking  theui. 

The  combined  action  of  the  water  and  pressure  on  one  side,  and  the 
sun  on  the  other,  is  gradually  destroying  the  wooden  gates,  and  the 
whole  76  of  them  in  the  two  dams  should  be  replaced  by  the  iron  ones, 
gradually,  as  there  are  funds  therefor. 

HIGH  WATER  OF  1880. 

The  record  of  stages  of  water  of  the  Mississippi  River  shows  that  on 
June  26,  1880,  the  stage  of  water  was  18.40  feet.  From  the  best  informa- 
tion I  can  procure,  and  I  deem  the  information  reliable,  this  stage  of 
water  was  1.08  feet  higher  than  the  high  water  of  1870,  and  higher  than 
any  stage  of  water  that  has  ever  occurred  at  this  place  of  which  there 
is  any  certain  record. 

The  water  flowed  over  the  water-power  dams  throughout  their  entire 
length,  and  it  was  11  inches  deep  on  the  lower  dam.  damage  of  im- 
Ijortance  was  done  to  any  part  of  the  water-power.  Some  rock  was 
washed  from  the  stone  dike  at  the  east  end  of  the  lower  dam,  and  a 
portion  of  the  small  dam  at  Benham's  Island  was  washed  away. 
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There  was  some  danger  that  the  west  end  of  the  earth  dike  on  the 
Illinois  shore  and  the  earth  dike  just  above  the  imlley-house,  on  the 
island  shore  might  be  washed  away.  Ilad  this  occurred  much  damage 
would  have  been  done  to  the  bridges  below  and  to  the  city  of  Kock 
Island.  Both  the  dikes  became  saturated  with  water  and  leaked  badly. 
A  force  of  men  and  teams  was  engaged  ten  days  and  nights  in  strength- 
ening them,  and  they  are  now  beuig  put  in  secure  condition. 

Nearly  one-third  the  island  was  under  water  for  about  ten  days,  and 
the  beautiful  blue-grass  on  portions  of  the  island  was  destroyed. 

It  is  important  to  note  here  that  a  serious  error  was  made  in  1872  in 
transferring  the  water-gauge  from  the  old  Chicago,  Ilock  Island,  and 
Pacific  Eailroad  bridge  to  the  new  government  bridge  (the  Hock  Island 
bridge). 

All  records  of  stages  of  water  at  this  place  prior  to  1872  are  the 
records  of  the  old  gauge  mentioned  above.  All  records  kept  since  1872 
are  those  of  the  new  gauge  on  the  Rock  Island  bridge.  These  records  are 
important  in  many  ways,  and  particularly  in  determining  the  effect  on 
stages  of  water  ot  cutting  away  forests  on  the  upper  tributaries  of  the 
liver. 

Some  observations  made  on  low-water  by  the  United  States  Engineer 
Corps,  a  few  years  ago,  indicated  that  the  new  gauge  had  been  set  .35 
of  a  foot  too  low.    I  find  now  that  the  error  is  more  than  this. 

The  record  of  the  high-water  of  1870  (April  21),  on  the  old  gauge,  is 
16.65  feet.  The  record  of  the  new  gauge,  June  26,  1880,  is  18.40  leet,  and 
the  difference  is  1.75  foot.  The  observations  and  records  of  high- water 
mark  at  both  times  in  the  vicinity  of  the  two  bridges  are  accurate  and 
reliable,  and  show,  as  stated  above,  that  the  high-water  of  1880  was 
only  1.08  foot  higher  than  that  of  1870.  In  this  way  it  is  determined 
that  the  new  gauge  is  set  .67  of  a  foot  too  low,  and  I  have  adopted  this 
error  in  connecting  the  old  and  new  records. 

The  following  statement  is  appended  to  this  report,  viz : 

APPENDIX  A. 

Statement  of  the  numher  of  persons  and  teams  that  have  (yrossed  the  Rock  Island  ((jorernment) 

hridge  during  the  year. 

PASSING  NORTH. 


Eii«iiies  Avitli  trains    5,  2^6 

Engines  Avitlioiit  trains   397 


Total  engines   5,  633 


Passenger  cars   7,463 

Freight  cars   108, 876 

Foot  passengers   256,  355 

Teams   184,  647 

Steamboats   1,374 

Barges   387 

PASSING  SOUTH. 

Engines  with  traijis   5,394 

Engines  without  trains   166 

Total  engines   5,560 


Passenger  cars   7,537 

Freight  cars   109, 092 

Foot  passengers   257,319 

Teams   174, 419 

Steamboats   1,  385 

Barges   350 

Kafts   685 
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APrENDIX  11. 


DESCRIPTION  OF  A  MACHINE  IN  OPERATION  AT  THE  ROCK  ISLAND  AR- 
SENAL  FOR  PRINTING  PAPER  TARGETS,  AND  OF  A  liARRACK-RACK  FOR 
SMALL-ARMS. 

DEA'ISKD  liV  MAJ.  D.  W.  FIAGLKR,  ORDXANCK  DEPARTIMEXT. 

(Four  plates.) 

Sir:  I  liave  the  honor  to  rei)ort  that,  in  compliance  with  yonr  instruc- 
tions of  March  18,  I  have  devised  and  transmit  herewith  draAvings  of  a 
machine  for  printing  pai)er  targets  A,  B,  and  0,  as  described  in  Laidley's 
Kifle  Firing.  This  machine,  as  now  used,  is  shown  on  Plate  I.  Fig.  1 
is  a  side  elevation  of  the  machine,  and  Fig.  2  shows  another  view  of  the 
apparatus  for  rolling  up  the  targets  as  they  come  from  the  printing 
machine. 

The  targets  are  printed  by  passing  the  paper  between  two  rollers,  one 
of  which  (the  printing  roller)  is  provided  with  the  necessary  type  for 
printing,  and  the  other  is  a  cushion  roller.  The  paper  then  passes  over 
a  heated  drum  for  drying  the  ink,  and  thence  to  a  round  roller-stick 
upon  which  it  is  rolled  up  for  i)acking. 

A  (Plate  I,  Fig.  1)  is  the  printing  roller.  It  is  a  wooden  drum,  6^5 
long,  and  exactly  12'  in  circumference,  measured  around  the  exterior  of 
the  type.  It  has  on  it  three  sets  of  type  when  i^rinting  the  A  targets, 
two  sets  when  printing  the  B  targets,  and  one  set  when  printing  the  C 
targets. 

The  A  targets  are  4^  long,  the  B  targets  6'  long,  and  the  0  targets  12' 
long,  so  that  the  roller  i)rints  three  A  targets  in  one  revolution,  two  B 
targets  in  one  revolution,  and  one  C  target  in  one  revolution. 

The  type  is  made  of  scrap  fuse-plug  metal — lead  alloyed  with  zinc  and 
antimony — and  is  cast  in  the  required  shajDC,  flat,  about  0'^3  thick,  and 
then  bent  on  to  the  drum  and  screwed  down  firmly.  Its  exterior  surface 
is  then  turned  off  very  accurately  in  a  lathe  to  form  a  perfect  cj^linder, 
and  the  surface  made  perfectly  smooth.  As  the  drum  is  used  for  print- 
ing all  the  targets  by  changing  the  type,  the  type  when  being  turned  is 
fitted  to  the  exact  i)osition  it  is  to  occupy  while  printing. 

B  is  the  cushion  roller.  It  is  a  carefully  turned  hollow  wooden  cylin- 
der, 6'.5  long,  about  2'. 5  diameter,  covered  with  one  thickness  of  Peters- 
ham cloth,  over  which  is  tightly  stretched  one  thickness  of  strong  musUn. 

The  bearings  of  the  two  rollers  are  arranged  to  be  moved  by  means  of 
wooden  wedges,  so  as  to  press  the  surfaces  of  the  rollers  together  with 
any  required  pressure,  and  roller  A  is  also  mounted  nearly  over  roller 
B,  so  that  the  weight  of  the  former  may  rest  on  the  latter  and  thereby 
produce  the  required  pressure  with  less  friction. 

Eoller  A  is  turned  by  one  man  with  a  crank,  and  the  friction  of  sur- 
face contact  turns  the  other  roller. 

The  type  is  inked  by  an  ordinary  set  of  ink  rollers,  at  G,  such  as  are 
used  on  rotary  printing-presses. 

The  large  quantity  of  ink  used  requires  some  artificial  heat  for  drying 
it.    This  is  furnished  by  the  large  size  army  wood  heater.    On  this  is 
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mountod  a  large  slieet-iioii  drum  of  the  form  shown  in  the  drawing,  0^5 
long  in  the  direction  perpendicular  to  the  plane  of  the  picture  and  4^25 
wide.  All  except  the  top  surface  is  made  cheaply  of  common  sheet-iron. 
The  top  is  made  of  smooth  Kussia  iron,  and  curved  in  the  arc  of  a  circle 
as  shown,  that  all  i)arts  of  the  paper  maybe  held  in  contact  with  it  when 
drawn  taut. 

The  apparatus  for  rolling  ui>  the  targets  for  packing  is  sufficiently 
shown  in  the  drawing  (Figs.  1  and  2).  The  roller-stick,  3''  diameter,  is 
made  round  and  smooth,  and  coated  with  shellac  to  make  the  roll  of 
targets  slip  oft"  readily.  One  of  its  bearing  i^osts  is  hinged  so  that  it  can 
be  thrown  down  out  of  the  way,  and  then  by  turning  the  stick  back- 
ward with  the  crank  it  is  loosed  in  the  paper  roll,  the  roll  is  slipped  off, 
wrapped  in  wrapping  i)aper,  tied,  and  stenciled.  Three  target " pasters" 
are  conveniently  used  for  fastening  down  the  end  of  the  paper  during 
this  operation  to  keep  it  from  unrolling. 

By  authority  of  the  Chief  of  Ordnance,  the  targets  are  packed :  50 
targets  A  in  one  roll,  50  targets  B  in  one  roll,  25  targets  G  in  one  roll, 
and  these  rolls  are  made  the  unit  of  issue,  so  that  issues  may  be  made 
without  breaking  packages.  Type  on  the  printing  rollers  prints  a  divis- 
ion line  between  the  targets,  along  which  line  they  are  to  be  cut  apart. 
The  machine  shown  on  Plate  II  furnishes  another  method  for  accom- 
l^lishing  this  by  punching  a  row  of  holes  along  the  dividing  line,  to  per- 
mit pulling  the  targets  apart,  as  is  done  with  postage-stami)S. 

The  paper  is  6^  wide.  It  comes  on  rolls  of  about  275  yards  each,  and 
the  roll  is  prepared  for  the  machine  by  driving  a  wedge-shaped  piece  of 
wood  into  the  center  of  each  end.  These  pieces  of  wood  have  bear- 
ings, and  are  mounted  on  the  printing  machine  as  shown  at  K,  on  the 
drawing.  The  route  of  the  paper  while  being  printed  is  shown  by  the 
line  C. 

L  is  a  frame  which  is  revolved  up  into  its  dotted  position  to  hold  the 
paper  off  the  heated  drum  while  cutting  off"  the  end  of  a  roll  of  targets 
for  packing. 

The  machine  shown  on  Plate  II  (referred  to  above)  for  i)unching  a  row 
of  holes  in  the  dividing  line  between  the  targets  is  as  follows : 

A  A  is  an  ordinary  pine  table  6^5  square.  The  printed  targets  pass 
over  this  along  the  line^^  as  they  come  from  the  printing  machine.  B 
is  the  punching  beam.  It  is  made  of  hard  wood,  and  a  row  of  vertical 
holes,  0'M25  diameter,  and  0'^25  apart  from  center  to  center,  was  bored 
through  it.  The  punches,  dull  pointed  and  made  of  0'M25  steel  wire, 
were  driven  through  the  holes  from  the  top.  A  strip  of  hard  wood,  con- 
taining corresponding  die  holes,  is  let  into  the  table  below.  When  the 
punching  beam  is  lowered,  the  stripping  beams  C  G,  shod  with  iron  (see 
Fig.  3),  reach  and  rest  upon  the  paper  first,  and  hold  it  while  the  punch- 
ing beam  follows  down  and  punches  the  paper.  When  the  punching 
beam  is  raised  the  stripping  beams  remain  on  the  paper,  and  hold  it 
until  the  punches  are  drawn  out  of  it,  and  then  follow  the  punching 
beam  up  about  one-half  inch  and  allow  the  paper  to  be  drawn  through. 
All  these  beams  are  weighted  with  iron,  are  lowered  with  a  blow,  and 
are  raised  and  lowered  by  means  of  the  foot  lever  D. 

This  machine  worked  satisfactorily,  but  the  character  of  the  paper 
received  for  the  targets  was  very  different  from  that  experimented  upon 
while  making  the  machine,  and  w^as  found  not  to  tear  easily  along  the 
line  of  holes.  With  this  paper  it  will  be  necessary  to  change  the 
punches  and  place  them  closer  together. 

As  great  haste  was  required  in  printing  the  targets,  the  method  of 
printing  the  dividing  lines  described  above  was  adopted  for  the  present. 
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This  machine  is  described  here^  as  it  may  be  desirable  to  use  it  here- 
after. 

The  cost  of  the  printing  machine  as  now  used,  rate  of  production,  and 
€0st  of  printing,  are  as  follows : 

COST  OF  MA  CHIN  10. 


rrinlinj?  uiivcliiiio  complete  (except  type  and  ink-rollers)   !|88  85 

Type  for  A  tnr<2^et  (inclu(liii<ij  y)iittiiig"  on)  ,   16  40 

Type  for  13  target  (inclnding  putting  on)   25  50 

Type  for  C  target  (including  putting  on)   36  60 

Ink-rollers  and  fittings   14  50 

Winding  and  packing  a])paratus   5  25 

Heating  drum,  pipe,  and  iittings   11  00 


Total   198  10 

ranching  machine   26  20 


The  above  includes  cost  of  drawings  and  patterns,  but  does  not  in- 
clude cost  of  experiments. 

It  requires  about  one  day  to  change  the  type  on  the  printing  roller, 
and  costs  $2.50. 

One  man  and  three  boys  are  l  equired  to  operate  the  machines.  Cost  per  diem..  $i  .50 
Ink  and  sundries  T   1  50 

Total  per  diem   6  00 

The  average  rate  of  production  is  1,200  A  targets,  800  B  targets,  400 
C  targets,  per  diem — making  the  cost  about  one-half  cent  each  for  the 
A  targets,  three-quarters  of  a  cent  each  for  the  B  targets,  and  one  and 
a  half  cents  each  for  the  C  targets. 


REPORT  OF  THE  CHIEF  OF  ORDNANCE. 


/ 


2G5 


liARRACK  RACK  FOR  SMALL- ARMS. 

(riate  III.) 

April  10,  1880. 

Sir  :  I  have  the  honor  to  report  that  in  obedience  to  instructions  con- 
tained in  your  indorsement  of  June  17,  1879,  on  a  letter  from  Capt.  C. 
Comly,  chief  ordnance  officer.  Department  of  Texas,  I  have  devised  and 
transmit  herewith  drawings  of  a  barrack  gun-rack. 

The  objects  to  be  effected  are : 

First.  To  provide  a  rack  in  wliich  arms  can  be  securely  locked  up. 
Second.  To  so  protect  the  muzzles  of  the  arms  that  dust,  dirt,  and 

other  substances  cannot  get  or  be  put  into  the  muzzle  either  by  design 

or  accident. 

Third.  To  make  the  rack  as  ornamental  as  is  consistent  with  economy. 

DESCRIPTION. 

The  rack  is  made  to  hold  20  rifles  or  carbines.  It  is  made  entirely  of 
black  walnut,  except  in  certain  metallic  parts,  which  will  be  si)ecified 
in  the  description. 

Figs.  1  and  2,  Plate  3,  exhibit  an  adjustable  rack  intended  for  both 
rifles  and  carbines.  Fig.  1  is  a  vertical  section  through  the  rack,  with 
the  top  part  lowered  to  the  proper  position  for  carbines.  Fig.  2  is  an 
elevation  of  the  same  rack,  with  the  top  part  raised  to  the  proper  posi- 
tion for  rifles.  Fig.  3  is  a  plan  view  of  the  base,  containing  holes  of  the 
proper  shape  for  the  butts  of  the  arms.  For  economy  of  manufacture  it  is 
made  of  two  thicknesses  of  plank,  that  the  butt  holes  may  be  cut  entirely 
through  the  top  plank.  The  two  planks  are  so  fitted  together  as  to 
resemble  one  solid  piece  of  wood.  The  butt-holes  are  V'.5  deep,  so  that 
the  rifle  or  carbine  must  be  lifted  V'.5  to  take  it  out  of  the  rack. 

Fig.  4  is  a  plan  view  of  the  muzzle  holder  A,  and  is  V'.5  thick.  It  is 
secured  to  the  post  by  the  iron  pin  a  (Fig.  1)  and  this  fastening  is  made 
more  rigid  by  the  metal  socket  h  (Fig.  1.) 

When  the  muzzle  cover  C  is  down  on  the  muzzleholder  the  arms 
cannot  be  raised,  and  therefore  cannot  be  taken  out. 

When  the  rack  is  open  the  muzzle  cover  is  raised  V'.o  to  the  position 
shown  in  Fig.  5,  and  the  arms  can  be  lifted  and  taken  out. 

LOCKING  APPARATUS. 

The  metal  cylinder  c?,  containing  a  spiral  slot,  .9,  is  securely  fastened 
to  the  muzzle  cover  C.  It  is  reamed  out  and  fitted  nicely  to  the  gas-pipe 
P.  (See  Fig.  5.)  The  exterior  of  this  gas-pipe  is  also  turned.  The  iron 
pin  e  is  riveted  into  the  gas-pipe  and  works  in  the  spiral  slot  s.  By 
turning  the  muzzle  cover  nearly  a  half  turn  to  the  right  it  is  raised  to 
the  position  shown  in  Fig.  5.  A  lever  in  the  loAver  end  of  the  spiral  slot 
causes  the  muzzle  cover  to  remain  up  when  raised,  and  the  end  of  the 
slot  hurting  against  the  pin  d  stops  the  turning  when  the  cover  is  raised 
enough.   The  pin  /prevents  the  cover  from  being  lifted  off. 

When  the  cover  is  down  the  rack  is  locked,  so  that  arms  cannot  be 
taken  out,  by  means  of  the  lock  and  bolt  shown  at  L.   The  bolt  e  when 
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lowered  is  fasteued  iu  position  by  an  ordinary  lock,  the  key-liole  of  wliicli 
is  in  the  top  of  the  mnzzle  cover.  The  key  hole  is  covered  by  a  guard  to 
keep  out  dirt,  and  when  the  guard  is  pushed  aside  to  insert  the  key  it 
is  pressed  against  the  bolt  e  by  means  of  a  spring  and  cam  on  the  guard - 
pin.  When  the  bolt  is  lifted  the  spring  pushes  the  guard  into  a  hollow 
iu  the  bolt  and  holds  the  bolt  up. 

ADJUSTING  APPARATUS. 

(For  adapting  the  rack  to  hold  both  rifles  and  carbines.) 

The  post  of  the  gun  rack  is  made  hollow  and  the  gas -pipe  P  slides  up 
and  down  in  it,  and  is  secured  at  the  required  position  for  either  rifles  or 
carbines  by  means  of  the  locking  pin  shown  in  Fig.  8,  which  is  put 
through  the  hole  o  in  the  post  and  a  corresponding  hole  in  the  pipe. 
This  adjustment  is  not  very  easily  made,  but  as  it  would  have  to  be  done 
only  once  iu  several  years,  this  is  not  important. 

The  diameter  of  the  gas-pipe  is  2''.5  to  give  sufficient  stiftness,  and 
its  exterior  is  turned  and  fitted  nicely  in  the  two  metal  hubs  L  L. 

For  economy  of  manufacture,  the  gun-rack  post  is  made  of  two  pieces 
of  wood,  and  the  bore  is  hollowed  out  before  they  are  put  together. 
They  are  then  fitted  on  the  hubs  h  h  and  turned  on  a  mandrel.  The 
brass  ferrules  g  and  g'  are  to  strengthen  the  post.  Three  metal  feet,  w, 
are  put  under  the  base  for  securing  the  rack  to  the  floor,  and  for  enabling 
it  to  stand  securely  on  uneven  floors.  Unless  it  is  absolutely  necessary 
that  the  same  rack  should  be  used  for  both  carbines  and  rifles,  it  is  rec- 
ommended that  this  adjusting  apparatus  be  omitted  and  that  solid  racks 
of  two  sizes,  like  the  one  shown  in  Figs.  6  and  7,  be  made  instead. 

This  rack  is  precisely  the  same  as  the  one  described,  except  that  the 
adjusting  apparatus  is  left  out ;  the  post  is  made  solid;  the  wooden  tenon 
T  is  left  on  the  top  of  the  post ;  tlie  muzzle  holder  A  is  secured  directly 
to  the  wooden  post,  and  only  the  short  piece  of  the  gas-pipe  is  slipped 
over  the  tenon  for  the  locking  apparatus.  The  locking  apparatus  is  in 
all  respects  the  same  as  the  other. 

COST. 

Gun  racks  like  the  one  shown  in  Figs.  1  and  2,  adjustable  for  both 
rifles  and  carbines,  will  cost  $27.50  each. 

Solid  racks  for  rifles,  like  the  one  shown  in  Fig.  6,  will  cost  $21  each. 

Solid  racks  for  carbines,  like  the  one  shown  in  Fig.  6,  will  cost  $20  each. 

If  the  adjustable  rack  is  used,  I  would  recommend  that  a  cast-iron  post 
be  used.  This  would  reduce  the  cost  of  this  rack  to  $24,  provided  enough 
racks  were  made  to  warrant  the  making  of  patterns  and  core  boxes. 

June  5,  1880. 

After  making  the  foregoing  report  I  retained  the  model  gun  rack  for 
trial  and  examination  by  officers,  and  to  ascertain  whether  it  was  liable 
to  injury  from  warping  and  cracking.  The  cover  plate  has  warped 
slightly,  but  not  enough  to  injure  the  rack  or  its  appearance  materially. 

CASt-IRON  BARRACK  GUN  RACKS. 

As  the  gun  racks  made  of  walnut,  as  above  described,  may  be  deemed 
too  expensive,  upon  further  consideration  I  have  been  led  to  devise  plans 
for  making  the  racks  almost  entirely  of  cast  iron.  These  plans  are  shown 
in  Figs.  9,  10,  and  11,  on  Plate  lY. 
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Some  changes  in  tlio  rack  hyh  made  neeessary  by  tlic  clianf>e  of*  ma- 
terial. The  rack  is  made  entirely  of  cast  iron,  except  tiie  muzzle-holder 
])late,  which  is  made  ol' walnut  to  pre\'ent  niarrin«;  or  injuring  the  muz- 
zles of  the  arms. 

As  lifting"  up  the  nuizzles  against  an  iron  muzzle  cover  in  taking  out 
the  arms  might  also  injure  the  juuzzles,  the  plans  tor  the  nnizzle  cover 
are  changed  as  folloAvs : 

When  the  rack  is  unlocked  ami  open  there  is  a  hole  in  the  muzzle 
cover  over  each  arm  of  such  size  and  sha})e  that  the  muzzle  can  be  lifted 
up  through  the  hole  high  enough  to  permit  taking  out  the  arm  without 
letting  any  part  of  the  arm  hit  tlie  iron  cover. 

To  lock  the  rack  the  muzzle  cover  is  turned  about  1.5  inches,  until  the 
holes  are  midway  between  the  nuizzles  of  the  arms,  and  the  arms  cannot 
then  be  lifted.  J  n  this  position  the  muzzle  cover  is  locked  with  the  same 
locking  apparatus  as  that  described  for  the  w^alnut  rack. 

It  is  believed  that  the  other  details  of  construction  are  sufficiently 
shown  in  the  drawings,  and  require  no  further  explanation. 

If  an  adjustable  rack  for  both  rifle  and  carbine  is  required,  the  adjust- 
ing apx)aratus  already  described  is  added  to  this  rack  in  the  same  way  as 
described  for  the  walnut  rack.  It  costs  less  in  the  iron  rack,  because 
the  sliding  hubs  in  the  post  (for  the  spindle)  are  left  in  the  interior  of 
the  iron  post  in  casting,  and  require  reaming  out  only. 

This  rack  can  be  taken  apart  readily  for  shipment,  and  reassembled 
and  put  up  in  barracks.  Its  cost,  as  shown  by  the  appended  statement, 
is  much  less  than  that  of  the  walnut  rack.  It  is,  however,  not  so  hand- 
some as  the  walnut  rack.  It  could  be  bronzed  or  handsomely  colored 
while  the  castings  are  hot. 

The  estimated  cost  and  weights  of  the  iron  racks  are  as  follows  :  It 
would  cost  about  $115  to  prepare  patterns,  core  boxes,  &c.  After  these 
were  prepared  it  would  cost  to  manufacture  in  lots  of  fifty : 


These  racks  would  be  so  made  that  the  parts  could  be  detached  for 
easy  transportation,  and  the  rack  assembled  when  required  for  use. 


Weight. 


Permaneut  iron  rack  for  carbiue  

Permanent  iron  rack  for  rifle  

Adjustable  rack  for  both  rifle  and  carbine 


$15  00  255  lbs. 
15  50  275  lbs. 
18  50  280  lbs. 


J'LATE  1 


PLATE  II. 


Ai)pendix  11— 1  HBO. 


I'LATi;  III. 


Ainicnili.N  ll—lhho. 
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REPORT  ON  A  NEW  CARTRIDGE  ANNEALING  FUUNA(JE  IN  USE  AT  FRANK 

FORD  ARSENAL. 

BY  LIEUT.  COL.  .F.  M.  \\  IIITTKMOKE,  OUDXANCE  DEPAHTMENT. 

(One  plate.)  ^ 

Sir:  1  have  the  honor  to  submit  the  followiiij>-  report  upon  the  new- 
annealing  furnaee  now  in  suceessful  operation  at  this  ars(inal.  This 
furnace  is  for  annealing  copper  or  brass  shells,  cannon-primer  tubes, 
&c.  It  consists  of  the  furnace  proper,  constructed  of  boiler  iron,  lined 
with  fire-bricks,  and  arranged  with  flue  and  cold  blast  for  draft  and 
heat ;  of  an  annealing  retort,  cylindrical  in  shape,  with  closed  ends  of 
hemispherical  form.  From  these  ends  project  trunnions  which  revolve 
on  friction  rolls  attached  to  the  furnace.  The  left  trunnion,  looking  to- 
ward the  furnace,  is  hollow,  and  subserves  several  useful  purposes.  It 
is  a  peep-hole  for  observing  the  degree  of  heat  to  which  the  charge  is 
being  raised,  an  outlet  for  the  smoke  into  which  the  oil  on  the  shells  is 
converted,  a  means  of  obtaining  samples  for  test,  and  of  emptying  the 
charge  when  sufficiently  annealed.  The  annealing  accomplished  in  this 
tight-jointed  receptacle  possesses  several  advantages  over  the  old  plan. 
In  the  latter  the  cylindrical  vessel  used  was  pierced  with  holes  and  re- 
volved with  its  charge  over  a  charcoal  fire.  The  surface  of  the  shells 
became  considerably  oxidized  from  exi)osure  to  the  atmosphere  and  took 
up  some  dirt,  as  ashes  from  exterior  surroundings,  during  the  process. 
By  the  new  i^lan  the  charge  is  protected  from  the  direct  action  of  the 
fire,  and  the  gases  and  smoke  generated  and  expanded  inside  the  retort 
flow  out  through  the  hollow  trunnion.  By  the  old  method  charcoal  was 
necessary  as  a  fuel  to  guard  against  the  sulphur  and  other  gases  which 
would  be  generated  from  burning  anthracite  coal.  Anthracite  coal  is 
used  with  the  new  retort,  and  the  shells  are  annealed  with  less  oxidation 
of  their  surfaces,  and  consequently  require  less  pickling  and  cause  less 
wear  upon  machinery  and  tools  in  the  continued  process  of  drawing. 
Ten  thousand  shells  or  thirty  thousand  cannon-primer  tubes  is  a  full 
charge  for  the  retort.  From  180,000  to  200,000  shells  can  be  annealed 
in  one  day  of  ten  hours  at  an  expense  of  about  $5.25.  An  equal  number 
by  the  old  method  would  take  three  days  and  six  hours  at  an  expense 
of  about  $18.75.  New  process — amount  of  anthracite  coal  consumed  in 
annealing  180,000  shells =600  pounds  at  a  cost  of  $1.50.  Old  process — 
15  barrels  charcoal  at  35  cents =$5.25.  A  crane  takes  the  retort  from 
the  furnace  and  deposits  it  upon  a  cradle  from  which  it  is  readily 
emptied.  Retort  with  full  charge  weighs  about  600  pounds.  The  fur- 
nace has  a  hinged  wrought-iron  cover,  which  is  lowered  over  the  retort 
during  the  operation  of  annealing  and  raised  when  the  retort  is  re- 
moved. Also  a  hinged  flue,  which  fits  into  an  oi^ening  in  the  cover  con- 
necting it  with  the  draft.  The  accompanying  drawing  (Plate  I)  shows 
the  general  construction  and  operation  of  the  furnace.  This  furnace 
was  designed  by  Mr.  Jabez  H.  Gill,  master  machinist  at  this  arsenal. 
By  your  authority  its  construction  was  commenced,  with  new  annealing 
house,  by  me  in  July,  1879,  and  comj^leted  about  November  1,  same 
year,  from  which  time  it  has  been  in  constant  use.  A  special  annealing 
house  was  provided  for  the  purpose  of  concentrating  the  work  by  more 
direct  cominunication  with  the  shop  where  the  cartridge  shells  are  made. 
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PORTABI.E  ARM  RACK  FOR  COMPANY  QUARTERS. 

SUIUJESTKI)   15Y  CAI'T.   K.    II.   I'lIU'l'S,   Ol^DNANC'l-:   DEPA IM'.AIENT. 

(One  plate.) 

Material,  &c.,  for  arm  rack  holding  twenty  guns : 

TOP. 

Made  of  two  l-inch  white-pine  hoards,  glued  together,  crossing  grain 
of  wood.  Diameter  of  top,  13  inches.  Top  cnt  to  receive  twenty  rifles. 
The  guns  are  held  in  place  and  secured  by  a  strap  of  iron  1  inch  wide^ 
leather  covered,  hinged,  and  secured  on  opposite  side  by  padlock;  hinge 
and  i:>adlock  fastening  secured  by  irons  shown  in  Plate  I. 

BOTTOM. 

Made  of  one  2-inch  and  one  1-inch  white-pine  boards,  22  inches  in 
diameter,  and  one  J-inch  board  of  white  pine,  12J  inches  in  diameter, 
glued  together,  crossing  grain.  Twenty  triangular-shaped  partitions 
of  poplar,  IJ  inches  wide  at  base,  by  4g  inches  long,  separate  butts  of 
rifles.  A  band  of  sheet-iron  IJ  inches  wide,  secured  by  screws,  whose 
heads  are  filed  to  prevent  removal,  surrounds  the  upper  part  of  base, 
the  top  being  flush  with  top  of  partition. 

Four  round  i)ieces  of  white  pine,  1 J  inches  in  diameter  and  3  feet  11 
inches  in  length  (total),  connect  top  and  bottom  of  frame.  A  rod  of 
iron,  |-inch  diameter,  with  square  head  at  top  and  threaded  for  nut  at 
bottom,  binds  the  whole  together.  In  lieu  of  the  four  wooden  posts  and 
iron  rod  a  single  one  of  gas-pipe  might  be  substituted. 

The  distance  between  the  top  and  bottom  is  such  that  the  upper  band 
of  rifle  just  touches  the  under  side  of  top ;  and  all  is  so  arranged  that, 
without  removing  the  padlock  and  turning  back  the  straps,  no  rifle 
can  be  removed.  The  three  iron  feet  which  support  the  whole  can  be 
screw^ed  to  the  floor  of  the  barracks. 

RACKS  FOR  CARBINES 

are  similarly  constructed,  differing  only  in  height  and  in  the  arrange- 
ment of  top,  which,  instead  of  being  cut  entirely  through  to  receive  the 
barrel,  is  cut  to  the  depth  of  only  f  inch  to  receive  the  muzzle  of  the  car- 
bine. This  rack  is  almost  identical  with  the  one  suggested  by  Major 
Comly ;  the  principle  is  the  same,  but  it  is  stronger  and  its  cost  reduced 
about  one-fourth. 
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V  APPENDIX  14. 

REPORT  ON  FOREIGN  LIFE-SAVING  ROCKETS  AND  ROCKET  APPARATUS, 

1880. 

BY  LIEUT.  D.  A.  LYLE,  ORDNANCE  DEPARTMENT. 

(Nineteen  plates. ) 

National  Armory, 
Springfield,  Mass., 

August  27,  1880. 

Sir  :  I  have  the  honor  to  submit  herewith  my  report  on  foreign  life- 
saving  apparatus. 
Nineteen  plates,  six  of  which  are  photographs,  accompany  the  report. 
Yery  respectfully,  your  most  obedient  servant, 

D.  A.  LYLE, 
First  Lieutenant  J  Ordnance  I)e;partmentj  U.  8.  A. 
The  Chief  of  Ordnance,  TJ.  S.  A., 

(Through  the  commanding  officer  of  the  National  Armory.) 

18  ORD 
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I.  Russian  life-saving  rockets. 

1.  Description. 

2.  Principal  dimensions,  weights,  &c. 

3.  Packing. 

II.  Russian  life-saving  rocket  stand. 

1.  Description.  . 

2.  Principal  dimensions,  weights,  &c. 

3.  Packing  case  for  rocket  stand. 

4.  Dimensions  and  weights  of  packing  case,  &c. 

III.  Port-fire  holder. 

IV.  Rocket  chain. 
V.  Rocket  line. 

VI.  Method  of  using. 
VII.  Action. 

VIII.  Record  of  firing  with  Russian  life-saving  rockets  and  rocket  apparatus. 

1.  Table  of  fires. 

2.  Synoptical  transcript  of  notes  from  the  firing  record. 

Part  III. 

German  life-saving  rockets  and  rocket  apparatus. 

I.  5*^™  German  life-saving  rockets. 

1.  Description. 

2.  Principal  dimensions  and  weights. 

II.  8^™  German  life-saving  rockets. 

1.  Description. 

2.  Principal  dimensions  and  weights. 

III.  8<^'»  German  anchor  rockets. 

1.  Description. 

2.  Principal  dimensions  and  weights. 
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IV.  German  life-saving  rocket  stand. 

1.  Description. 

2.  Principal  dimensions  and  weiglits. 
V.  Firing  staff. 

1.  Description. 

2.  Dimensions  and  weight. 
VI.  Firing  lock. 

1.  Description. 

2.  Stock. 

3.  Lock  tube. 

4.  Firing  bolt. 

5.  Firing  lever. 

6.  Principal  dimensions  and  weight. 

7.  Action. 

8.  Use. 
VII.  Pillenlichte. 

1.  Description. 

2.  Dimensions  and  weight. 
VIII.  Packing. 

1.  Description  of  packing  boxes. 

2.  Dimensions  of  packing  boxes. 

a.  For  5^™  life-saving  rockets 

b.  For  8cra  life-saving  rockets 

c.  For  8^1"  anchor  rockets. 

3.  Weights. 

4.  Packing  box  for  rocket  stand. 

a.  Dimensions  and  weight. 
.5.  Rocket  sticks  and  chains. 
a.  Description. 
h.  Weights. 

IX.  Date  of  manufacture. 
X.  German  rocket  line. 

XI.  German  faking  box. 
1.  Description. 
XII.  Method  of  nsing  the  German  rocket  apparatus. 

XIII.  Action. 

XIV.  Cost  of  German  life-saving  apparatus  (1875). 

XV.  Record  of  hring  with  German  life-saving  rockets  and  rocket  a^jparatus^ 

1.  Table  of  fires. 

2.  Synoptical  transcript  of  notes  from  the  firing  record. 

Part  IV. 
English  life-saving  apparatus. 

I.  English  life-saving  rocket  (Boxer). 

1.  Description. 

2.  Dimensions  and  weights. 
II.  Packing. 

III.  Date  of  manufacture. 

IV,  Paints. 

V.  Rocket  stick. 

1.  Description. 

2.  Dimensions  and  weight. 
VI.  W'ashers. 

1.  Dimensions. 

a.  Brass  washer. 
I.  India-rubber  washer. 
VII.  English  life-saving  rocket  stand. 

1.  Description. 

2.  Dimensions  and  weight. 
VIII.  Rocket  fuse. 

IX.  Port  fire. 

1.  Packing  port-fires. 

2.  Instructions,  &c. 

X.  Rocket  line. 
XI.  Faking  box. 

XII.  Wreck  light. 

1.  Description. 

2.  Weight,  &c. 
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XIII.  Rocket  carrying  boxes. 

XIV.  Method  of  using. 
XV.  Action. 

XVI.  Record  of  firing  with  English  life-saving  rockets  and  rocket  apparatus. 

1.  Table  of  fires. 

2.  Synoptical  transcript  of  notes  from  the  firing  record. 

Part  V. 

Hooper^s  life-saving  rocket  apparatus. 

I.  Hooper  life-saving  rocket. 

1.  Description. 

2.  Principal  dimensions  and  weights. 

II.  Directions  for  use  of  Hoojier's  life-saving  rocket  and  stand. 

III.  Description  of  Hooper's  life-saving  rocket  and  stand,  as  set  forth  in  the  specifiica- 

tions  forming  part  of  his  letters  patent. 

IV.  Experiments  with  Hooper's  life-saving  rockets. 

1.  Table  of  fires. 

2.  Synoptical  transcript  of  notes  from  the  firing  record. 

Part  VI. 
Conclusion. 

I.  Recapitulation  of  weights. 

1.  Russian  life-saving  apparatus. 

2.  5<^™  German  life-saving  apparatus. 

3.  German  life-saving  apparatus. 

4.  a^"^  German  anchor-rocket  apparatus. 

5.  English  life-saving  apparatus. 

6.  Hooper  rocket  system. 

II.  Russian  rocket  apparatus. 

III.  German  rocket  apparatus. 

IV.  English  rocket  apparatus. 
V.  Hooper's  life-saving  rockets. 

VI.  General  remarks. 


LIST  OF  PLATES. 

EXPLANATION. 

Plate  L 

Fig.  1.  Longitudinal  section  of  Russian  life-saving  rocket. 
H.  Head. 
C.  Rocket  case. 

B.  Base. 
VV.  Vents. 

Fig.  2.  Front  elevation  of  rocket. 
Fig.  3.  Rear  elevation  of  rocket. 

Fig.  4.  Side  elevation  of  rocket  stick,  with  a  partial  section  of  the  rocket  at  the  front 
end. 

Fig.  5.  Rear  elevation  of  rocket  stick. 

Fig.  6.  Side  elevation  of  Russian  life-saving  rocket,  showing  stick  in  position  with 

cap  over  base  of  rocket. 
Fig.  7.  Rocket  chain. 

Plate  II. 

Fig.  1.  Side  elevation  of  Russian  rocket  stand. 
T.  Rocket  tube. 

F.  Flanges. 

E.  Opening  in  sides. 

C.  Horizontal  axis. 

G.  Slotted  brass  support. 

A.  Clamp  screw. 

H.  Tripod  head. 

S.  Shoulder  on  support. 

B.  Lower  clamp  screw. 
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Fig.  2.  Front  elevation  of  rocket  tube,  showing  outline  of  rocket  when  in  position 

Fig,  3.  Rear  elevation  of  rocket  tube,  showing  flanges. 

Fig.  4.  Section  of  rocket  tube  and  vertical  support  on  line  D  C,  Fig.  1. 

Fig.  5.  Plan  of  tripod  head  and  legs. 

Fig.  6.  Leg  of  tripod. 

Fig.  7.  Portfire  holder. 

Flate  III. 


Fig.  1.  Side  elevation  o^m  German  life-saving  rocket. 

B.  Base. 

E  F.  Ribs. 

C.  Body  or  case. 
H.  Head. 

Fig.  2.  Longitudinal  section  of  5^'"  rocket. 

D.  Base  ring. 

Fig.  3.  Cross-section  Ihrougli  E  F,  Fig.  1. 
Fig.  4.  Rear  elevation  of  rocket. 

Fig.  5.  Side  elevation  of  loop  for  chain,  with  section  of  rear  part  of  rocket  stick. 
Fig.  6.  Rear  elevation  of  rocket  stick. 
Fig.  7.  Rocket  chain. 

Fig.  8.  5<^™  rocket  and  stick  prepared  for  firing. 


Plate  IV. 


Fig.  1.  Side  elevation  of  8'^^  German  life-saving  rocket. 

B.  Base. 

E  F.  Ribs. 

C.  Body  or  case. 
H.  Head. 

Fig.  2.  Longitudinal  section  of  8""  rocket. 

D.  Base  ring. 
B.  ^ 

C 

jj'     >Same  as  Fig.  1. 
E  F.  J 

Fig.  3.  Rear  elevation  of  rocket  without  the  stick. 

Fig.  4.  Cross-section  through  E  F,  Fig.  1. 

Fig.  5.       rocket  stick. 

Fig.  f).  Rear  elevation  of  stick. 

Fig.  7.  Rocket  chain. 

Flate  V. 


Fig.  1.  Side  elevation  of  8^'^  German  anchor  rocket  for  life-saving  purposes. 

A.  Anchor  head. 

B.  Base. 

C.  Case  or  body. 
FF.  Flukes. 

Fig.  2.  Rear  elevation  of  same. 

Fig.  3.  Partial  longitudinal  section  of  8^™  rocket. 

Fig.  4.  Partial  longitudinal  section  of  anchor  rocket  stick  (sheet-metal  tube),  showing 

the  rivets  where  edges  lap  together. 
Fig.  5.  Rear  elevation  of  rocket  stick. 
Fig.  6.  Rocket  chain. 

Plate  VI. 


Fig.  1.  Side  elevation  of  German  rocket  stand. 

Fig.  2.  Top  view  of  rocket  trough. 

Fig.  3.  Section  in  front  of  rear  end  of  trough. 

Fig.  4.  Section  at  middle  of  trough. 

Fig.  5.  Section  near  front  end  of  trough. 

Fig.  6.  Section  of  trough  and  front  elevation  of  upper  portions  of  the  legs,  showing 

horizontal  axis  and  method  of  connecting. 
Fig.  7.  Firing  staff,  showing  a,  pillenlicht  in  position  in  clamp. 

Plate  VII. 

Fig.  1.  Side  elevation  of  German  firing  lock  with  the  firing  pin  withdrawn  ready  for 
firing. 

Fig.  2.  Top  view  of  firing  lock  with  firing  pin  withdrawn. 
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Fig.  3.  Loiigitiulinjil  section  of  lock  tube,  showing  interior  construction. 

Fig.  4.  Longitudinal  section  of  tube  after  firing,  ikowiiig  pillenlicht  and  fulminate. 

H.  Stock. 

I.  Lock  tube. 
B.  Firing  bolt. 
F.  Bolt  spring. 
A.  6olt  pin. 

D.  Firing  pin. 
T.  Firing  lever. 

S.  Firing-lover  spring. 

E.  Bell-mouthed  cavity. 
P.  rnienlicht. 

Fig.  5.  Gernum  2^  ill  en  Ucht,  side  and  end  elevations. 
Fig.  6.  English  i)ortfiro  cylinder. 
Fig.  7.  English  portfire. 
Fig.  8.  English  rocket  fuse. 

Plate  VIII. 

Fig.  L  Front  elevation  of  German  faking  box. 
Fig.  2.  Plan  of  top  of  German  faking  box. 
Fig.  3.  Rear  elevation  of  German  faking  box." 
Fig.  4.  End  elevation  of  German  faking  box. 
Fig.  5.  Side  elevation  of  frame  and  faking  pins. 
Fig.  6.  Plan  of  frame,  showing  holes  for  pins. 

Plate  IX. 

Fig.  1.  Side  elevation  English  (Boxer)  life-saving  rocket  and  rocket  stick,  showing 

method  of  attachment  of  line,  stick,  and  washers. 
Fig.  2.  Longitudinal  section  of  Boxer  life-saving  rocket. 
Fig.  3.  View  of  rear  end  of  rocket. 
Fig.  4.  View  of  front  end  of  rocket. 

Fig.  5.  English  rocket  stick,  showing  method  of  attaching  line. 

A.  Front  cylinder. 

B.  Rear  cylinder. 

C.  Head  clip. 

D.  Base  clip. 

E.  Clip  pin. 

F.  Diaphragm. 

G.  Base  plug. 

H.  Head. 

I.  Cavity  in  the  rocket  composition  or  ''bore." 
L.  Rocket  stick. 

M.  Rocket  line. 

N.  Brass  washer. 

O.  India-rubber  washer. 

V.  Vent. 

Plate  X. 

Fig.  1.  Side  elevation  of  English  life-saving  rocket  stand  ''mark  IV." 
Fig.  2.  Elevation  of  front  part  (right-hand  side),  showing  graduated  arc  and  plummet. 
Fig.  3.  Partial  section,  showing  front  view  of  horizontal  axis  and  method  of  attaching 
legs. 

Fig.  4.  Cross-section  of  curved  trough  or  pry  pole. 
Fig.  5.  Cross-section  of  rectangular  trough. 

A.  Rectangular  trough  or  body. 

B.  Sockets  for  upper  ends  of  legs. 

C.  Horizontal  axis. 

D.  Leg  spikes  and  ground  sjjike. 

O.  Openings  for  introducing  portfire. 
L.  Legs. 

P.  Curved  trough  or  pry  pole. 
S.  Strap  and  buckle. 

Plate  XL 

Fig.  i.  Side  elevation  of  Hooper's  life-saving  rocket,  showing  swivel  and  part  of  chain. 

Fig.  2.  Longitudinal  section  of  Hooi)er's  rocket. 

Fig.  3.  Rear  view  of  rocket,  showing  vents  and  curved  flanges. 
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Fig.  4.  Rocket  chain. 

A.  Rocket  case  or  body. 

B.  Base. 
H.  Head. 
VV.  Vents. 
S.  Swivel. 

Plate  XIL 

This  plate  is  an  enlarged  copy  of  the  drawings  that  accompanied  the  letters  patent 
Fig.  1.  Side  elevation  of  Hooper's  life-saving  rocket. 
Fig.  2.  Longitudinal  section  of  same. 
Fig.  3.  Cross  section  on  A  B,  Fig.  2. 
Fig.  4.  Rear  elevation  of  rocket,  showing  vents. 

Fig.  5.  Side  elevation  of  Hooper  rocket  stand,  showing  a  rocket  in  position  for  firing. 
Fig.  6.  Rear  view  of  rocket  stand,  with  rocket  in  position  for  firing. 
Note. — The  Hooper  life-saving  rocket  is  of  English  manufacture. 

Plate  XIII. 

Fig.  1  shows  deviation  of  Boxer  life-saving  rocket  and  rocket  line  from  the  plane  of 

fire  due  to  the  ett'ect  of  the  wind. 
Fig.  2  shows  deviation  of  Boxer  life-saving  rocket  and  rocket  line  from  the  plane  of 

fire  due  to  a  side  wind. 

Plate  XIV 

Shows  Russian  rocket,  rocket  stand,  and  method  of  firing. 

Plate  X  V 

Shows  5<^""  German  rocket,  rocket  stand,  and  method  of  firing. 

Plate  XVI 

Shows       German  rocket,  rocket  stand,  and  method  of  firing. 

Plate  XVII 

Shows       German  anchor  rocket,  rocket  stand,  and  method  of  firing. 

Plate  XVIII 

Shows  English  life-saving  rockets,  rocket  stand,  method  of  firing,  fuse-box,  portfire 
box,  rocket-carrying  box,  faking  box,  and  tripod  for  wreck  light  with  light  in  posi- 
tion. 

Plate  XIX 

Shows  Hooper's  life-saving  rocket  on  the  German  stand,  also  effect  of  firing  on  Hooper 
rockets — one  having  the  head  blown  out  and  the  other  being  ruptured  longitudinally. 
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.  INTPODUCTORY  NOTE. 

In  the  spring  of  the  year  1879,  several  lots  of  foreign  life-saving  rock- 
ets and  rocket-apparatus  which  had  been  consigned  to  Capt.  J.  H.  Mer- 
ryman,  United  States  Revenue  Marine,  inspector  of  life-saving  stations, 
were  sent  by  that  officer  to  Sandy  Hook,  N.  J.,  for  examination  and  trial. 

Instructions  were  given  that  inventories  should  be  made  of  the  ap- 
paratus, and  that  each  article  should  be  carefully  inspected. 

Lieut.  D.  A.  Lyle,  Ordnance  Department  U.  S.  A.,  was  directed  to 
make  the  inspection,  and  to  familiarize  himself  with  all  the  details  of 
the  several  systems  of  apparatus.  He  was  also  directed  to  fire  a  few 
rockets  of  each  kind  in  order  to  ascertain  their  condition  as  regards 
safety  and  efficiency. 

It  was  deemed  best  to  store  these  rockets  in  an  ordinary  building, 
x)pen  to  sea-air  for  several  months,  in  order  to  see  what  effect  the  salt 
air  had  upon  the  rocket  cases. 

In  the  latter  part  of  the  same  year  the  examinations  and  trials  were 
made. 

The  results  with  the  Russian  and  Hooper  life-saving  rockets  were  so 
unsatisfactory  that  the  firing  with  them  was  continued  until  the  supply 
was  exhausted. 

It  was  decided  that  the  other  rockets  should  remain  in  store  for  at 
least  another  year,  then  to  be  examined  and  inspected. 

Embodied  in  this  report  will  be  found  descriptions  of  the  different 
apparatus,  together  with  the  results  of  the  experimental  trials. 
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PART  I. 

INVENTORIES  OF  FOREIGN  LIFE-SAVING  ROCKET  APPA- 
RATUS SENT  TO  SANDY  HOOK,  N.  J.,  BY  CAPT.  J.  H. 
MERRYMAN,  UNITED  STATES  REVENUE  MARINE,  IN- 
SPECTOR UNITED  STATES  LIFE  SAVING  STATIONS,  FOR 
TRIAL  AND  EXPERIMENT. 

^  I.— INVENTORY  A. 

Russian  life-saving  rockets  and  rocket  apparatus. 


No. 


Name  of  article. 


Russian  life-saviug  rockets. 
Rocket  stand. 
Port-fire  holder. 
Rocket  chain. 

Coil  rocket  line — loose  twist — hemp. 


II.— INVENTORY  B. 
Gei-man  life-saving  rockets  and  rocket  apparatus. 


No. 


36 
36 
40 
40 
12 
12 
4 
4 
4 
4 
100 


Name  of  article. 


5cm  German  life-saving  rockets. 

5<^™  German  life-saving  rocket  sticks  and  chains. 

gem  German  life-saving  rockets. 

8^™  German  life-saving  rockets,  sticks,  and  chains. 

gem  German  anchor  rockets. 

German  anchor  sticks  and  chains. 
German  rocket  stands. 
German  faking  boxes  and  lines. 
Firing  staves  or  pillenlichte  holders. 
Firing  locks. 
Fillenlichte. 


III.— INVENTORY  C. 

Boxer  life-saving  rockets  and  rocket  apparatus  (English). 


No. 


Name  of  article. 


216 
216 
216 
216 
216 
12 
12 
48 
288 
1 
36 
12 


Boxer  12-pounder  life-saving  rockets. 

Boxer  12-poiinder  life-saving  rocket  sticks. 

Iron  pins  for  attaching  rockets  to  sticks. 

Brass  washers. 

India-rubber  washers. 

Rocket  stands  or  machines,  ''Mark  IV." 

*Boxes,  wood,  for  port-fires. 

Boxes  for  carrying  single  rockets,  with  braces. 

Port-fires  in  tin  cylinders,  of  24  port-fires  each. 

Box  rocket  fuses. 

Lights  for  illuminating  wrecks. 

Stands  or  tripods  for  lights  illuminating  wreck. 


*  Each  of  these  boxes  will  carry  24  port-fires,  30  detonating  primers  in  a  small 
cylinder,  and  2  port-fire  holders.    No  primers  or  holders  were  sent  with  the  apparatufl. 
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IV.— INVENTORY  I). 


Hooper's  life-saving  rockets. 


No. 


N«iinc  of  article. 


24 

30 


Hooper  life-saving  rockets. 
Pieces  of  slow  match. 


Note. — No  stand  ^vas  found  with  these  rockets. 


PAKT  II. 


RUSSIAN  LIFE-SAVING  APPARATUS. 


I. — Russian  LiFE-SAvma  Rocket. 


(Plate  I.) 


1.— DESCRIPTION. 


The  Russian  life-saving  rocket  is  made  of  sheet  iron,  about  one-tenth 
(O'M)  of  an  inch  in  thickness.  The  body  is  a  cylindrical  tube,  closed  at 
the  front  end  by  a  metallic  head,  held  in  position  by  four  short  screws. 

The  rear  end  is  closed  by  a  diaphragm,  which  is  perforated  by  six  vents 
or  fuse  holes,  equidistant  circumferentially,  whose  centers  are  on  the  cir- 
cumference of  a  circle  concentric  with  the  diaphragm. 

An  axial  hole  in  the  diaphragm  has  a  female  screw  thread  cut  on  its 
interior  surface  to  engage  the  male  thread  on  the  rocket  stick. 

The  body  is  fastened  to  the  perforated  disk  by  crimping  and  by  short 
iron  pins.    The  cylinder  is  filled  with  rocket  composition. 

The  construction  of  the  rocket  stick  is  shown  in  Fig.  4.  The  body  of 
the  stick  is  made  of  light  wood,  cylindrical  near  the  base  and  tapering 
to  the  front,  forming  the  frustum  of  a  cone.  The  front  end  of  the  stick, 
which  screws  into  the  rocket,  is  made  of  wrought  iron,  hollow  at  its  base 
for  the  insertion  of  the  wooden  body.  The  latter  is  held  in  place  by 
screws.  The  rear  end  of  the  body  is  rounded,  and  on  one  side  carries  a 
strong  iron  hook,  about  five  (5^^)  inches  in  length,  with  its  point  turned 
towards  the  front,  and  curved  slightly  outwards  from  the  axis  of  the  stick. 

A  curved  steel  spring  is  placed  between  the  point  of  the  hook  and  the 
shank  strap  to  prevent  the  egress  of  the  ring  of  the  rocket  chain  after 
firing.  This  hook  is  bolted  to  the  wooden  body  of  the  rocket  stick,  as 
shown  in  the  figure. 

When  prepared  for  packing,  the  rocket  sticks  are  screwed  into  the 
rockets  and  the  fuse  holes  or  vents  are  covered  by  disks  of  water-proof 
tarred  ^jloth. 

The  diameter  of  the  disk  is  enough  larger  than  that  of  the  rocket  to 
admit  of  its  being  folded  over  the  end  of  the  rocket  and  secured  by  sev- 
eral turns  of  twine,  tied  tightly  around  it. 

The  whole  rocket,  except  the  wooden  body,  is  then  treated  with  a  coat 
of  black  paint. 

The  cap  or  disk  must  be  cut  away  before  firing,  in  order  to  expose  the 
fuse  holes. 
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2. — PRINCIPAL  DIMENSIONS,  WEIGHTS,  ETC. 


Total  length  of  rocket  

Total  length  of  rocket  stick  

Total  length  of  rocket  and  stick 
Length  filled  with  composition. . 

Maximum  diameter  of  stick  

Diameter  of  vents  or  fuse  holes  . 
Number  of  vents,  six. 


(  Length  

Rocket  body<  Exterior  diameter 
(  Interior  diameter . 


Centimetera. 


64. 12 
8. 13 
7.62 

69.  08 

74. 16 
140.  97 

58.67 
7.11 
1.52 


Average  weight  of  rocket  and  stick 


Pounda. 
,  25.5 


Kilos. 
11.56 


For  detailed  dimensions  and  method  of  construction,  see  Plate  I. 


The  rockets,  with  sticks  attached,  are  packed  in  boxes  containing  five 
each.    The  boxes  are  very  heavy,  and  are  made  of  2-inch  plank. 

Clamps  are  placed  at  each  end  of  the  box,  and  are  notched  to  fit  the 
rockets.  A  strip  of  felt  is  placed  along  the  edge  of  each  clamp  above 
and  below  the  rocket. 

The  lid  has  two  hinges  on  one  side  so  that  the  box  may  be  opened,  the 
rockets  used,  and  the  box  refilled.  Screws  hold  the  top  securely  to  the 
sides  in  transportation. 

An  annealed  iron  wire  passed  through  the  side  and  top  of  the  box  on 
the  edge  opposite  the  hinges,  has  the  ends  drawn  together  and  held 
firmly  by  a  leaded  seal  put  on  by  the  inspecting  officers  of  the  Imperial 
Eussian  Government.  This  prevents  tampering  with  the  contents  with- 
out detection.   The  seal  bears  the  date  of  packing  (1876). 

The  boxes  were  covered  with  coarse  felt  an  inch  or  more  in  thickness, 
over  which  was  a  wrapping  of  gunny  sacks  and  matting ;  the  whole 
firmly  bound  with  hemp  cordage. 


This  stand  is  a  rectangular  tube  of  sheet-iron  mounted  upon  a  wooden 
tripod.  The  cross-section  of  the  tube  is  a  square  with  one  of  its  diagonals 
situated  in  a  vertical  plane  when  the  stand  is  in  position  for  use.  This 
hollow  parallelopipedonal  tube  is  formed  from  a  single  i^iece  of  sheet- 
iron.  The  longitudinal  faces  forming  the  lower  edge  do  not  join  to  com- 
plete the  regular  figure,  except  for  two  (2'')  inches  at  the  lower  end,  but 
are  bent  outwards  from  each  other,  forming  two  parallel  flanges.  Figs. 
1  and  4.  These  flanges  are  wide,  and  have  a  space  half  an  inch  wide 
between  them  throughout  their  length. 

The  space  between  the  flanges  serves  as  a  channel  for  the  grappling 
hook  on  the  under  side  of  the  rocket-stick  to  slide  in  when  the  rocket  is 
fired. 

It  is  also  necessary  for  the  same  purpose  in  placing  the  rocket  in  j)osi- 
tion  before  firing. 

The  rear  end  of  the  square  tube  is  bound  and  strengthened  by  a  band 
of  strap  iron  2"  wide  and  one-tenth  (O'M)  of  an  inch  thick. 
The  front  end  of  the  tube  is  reinforced  in  a  similar  manner,  but  with 


3.  — 


Packing. 


II. — Russian  life-saving  rocket  stand. 


(Plate  11.) 


1. — DESCRIPTION. 
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this  difference :  The  band  at  its  lower  edge  has  a  cylindrical  tube  (Figs. 
1,  2)  1".7  in  diameter,  projecting  to  the  front  2". 3,  for  the  i)urpose  of 
holding  the  ring  of  the  rocket  chain. 

This  short  tube  embraces  the  front  ends  of  the  flanges  of  the  body^ 
and  has  a  longitudinal  slot,  corresponding  in  width  to  the  space  between 
the  flanges  along  its  upper  surface  to  iiermit  the  i)assage  of  the  rocket 
hook. 

A  rectangular  notch  I'M  deep  is  cut  in  the  lower  side  to  accommodate 
the  ui)per  link  of  the  rocket  chain  Avhen  the  ring  is  placed  over  the  pro- 
jecting tube. 

Near  the  middle  of  the  longitudinal  bottom  flange  on  the  right-hand 
side  of  the  body  tube  is  attached  a  rectangular  brass  plate,  10'^  long  and 
I'^G  wide,  with  a  lug  and  eye-hole  projecting  from  its  under  edge  near 
the  middle.    Through  this  eye-hole  passes  the  horizontal  axis. 

In  a  corresponding  position  on  the  left  side  is  a  semicircular  brass 
plate  attached  to  the  other  flange.  The  arc  of  this  plate  is  graduated 
into  degrees,  in  order  to  indicate  the  elevation  of  the  axis  of  the  main 
tube. 

A  lug  and  eye-hole  at  the  center  of  this  arc  admits  of  the  insertion  of 
the  horizontal  axis. 

A  slotted  brass  support  (G,  Figs.  1  and  4)  with  holes  pierced  through 
the  upiDcr  ends  of  the  vertical  arms  sustains  the  horizontal  axis  (G,  Figs. 
1  and  4)  that  carries  the  rocket  tube  (T,  Figs.  1  and  4)  and  its  graduated 
arc. 

A  clamp  screw  (A,  Fig.  4)  i)asses  through  this  support  from  the  right 
side  and  clamps  the  arc  in  any  given  position.  All  motion  in  altitude 
within  the  limits  of  the  scale  is  governed  by  this  screw.  The  lower  end 
of  the  suijport  (G,  Fig.  4)  terminates  in  a  cylindrical  tenon  3'^2  in. 
length  and  l''.2in  diameter,  which  fits  in  a  corresponding  hole  in  the  tri- 
pod head  (H,  Fig.  5). 

A  shoulder  (S,  Fig.  4)  on  the  suj^port  rests  upon  the  top  of  the  tripod- 
head  when  the  clamp  screw  (B,  Figs.  1  and  5)  is  loosened. 

The  tripod  (Fig.  5)  is  composed  of  a  head  (H),  three  legs  and  a  clamp 
screw  (B). 

The  head  is  of  brass.  This  piece  is  a  hexagonal  prism  in  form,  with 
narrow  longitudinal  iirojections,  or  lugs,  on  the  alternate  faces  for  tlie 
attachment  of  the  legs. 

These  projections  are  120°  apart.  Opposite  one  of  them  is  a  rectangu- 
lar seat  through  which  the  clamp  screw  (B,  Fig.  5)  passes  that  controls 
the  motion  in  azimuth  and  the  limited  vertical  motion  of  the  support 
and  its  superincumbent  weight. 

The  head  is  pierced  longitudinally  by  an  axial  hole  for  the  reception 
of  the  tenon  of  the  supi)ort.  The  legs  are  made  of  wood,  shod  at  their 
lower  ends  with  x^ointed  iron  shoes,  and  encircled  by  narrow  iron  bands 
near  their  upper  extremities. 

The  upper  ends  of  the  legs  are  slotted  vertically  to  receive  the  pro- 
jections on  the  heady  to  which  they  are  fastened  by  iron  pins. 

Two  elliptical  openings  (E,  Figs.  1  and  2),  opposite  to  each  other,  are 
made  in  the  upper  sides  of  the  tube  for  the  insertion  of  the  port-tire  to 
ignite  the  rocket  composition. 

2. — PRINCIPAL  DIMENSIONS,  WEIGHTS,  ETC. 

Inches.  Centimeters^ 

Total  length  of  rocket-tube   53.  3         135.  38 

Cross-section,  square..  \  Exterior   4.  3  10  92 

'    ^  >  Interior   4. 1  10. 41 
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Pounds.  Kilograms. 

Weight  of  rocket  stand  :   39.  0  17.  69 

Weiglit  of  rocket  chain   4.  625         2. 17 

Weight  of  port  fire  handle  J.      0.  5625        0.  25 

Total  weight  without  packing  box   44. 1875  =  20. 13 

Weight  of  coil  of  rocket  line   62.  0  28. 12 


For  other  details,  see  Plate  II. 

3. — PACKING  CASE  FOR  ROCKET  STAND. 

The  rocket  stand  and  port-fire  holder  are  securely  packed  iu  a  long 
box  with  a  hinged  lid,  closed  by  a  hasp.  This  box  has  a  handle  at  each 
end  for  convenience  in  transportation . 

4. — DIMENSIONS  AND  WEIGHT. 

Inches.  Centimeters. 


(Length   69.0  175.26 

Exterior  dimensions  of  box  for  rocket  stand. .  <  Width   16.  375        41.  65 

<  Depth   9.5  24.13 

Pounds.  Kilograms. 

Total  weight  of  box  and  stand   99  44.  90 

Weight  of  packing  box   60  27. 21 


III. — Port-fire  holder. 
(Plate  II,  Fig.  7.) 

A  port- fire  holder  or  firing  staff  accompanies  the  rocket  stand.  It  is 
a  simple  wooden  handle  with  a  bent  head  of  brass.  The  brass  head  is 
hollow  and  is  slitted  on  the  sides  so  as  to  form  a  rude  clamp.  The  port- 
fire is  inserted  in  the  split  end  of  the  head  and  then  ignited  in  the  usual 
manner. 

lY. — Eocket  chain. 
(Plate  I,  Fig.  7.) 

This  is  a  hand-made  iron  chain,  six  (6')  feet  in  length,  terminated  at 
one  end  by  a  ring  two  (2")  inches  in  diameter.  The  ring  is  placed  over 
the  tubular  projection  on  the  front  end  of  the  rocket  stand  in  firing. 
The  other  end  of  the  chain  is  fastened  to  the  end  of  the  rocket  line. 

y. — Rocket  line. 

This  is  a  loosely-twisted  hemp  line  about  the  size  of  the  Ko.  8  or  No. 
9  service  lines.  The  Eussian  method  of  coiling  or  faking  the  line  is 
unknown,  as  no  instructions  were  received  with  the  apparatus. 

yi. — Method  of  using. 

The  rocket  stand  is  taken  from  the  box,  the  legs  of  the  tripod  ex- 
tended, and  the  stand  placed  at  the  firing  point.  The  index  being 
clamped  at  zero  on  the  graduated  arc,  the  tripod  is  leveled  by  the  eye 
by  making  the  axis  of  the  rocket  tube  horizontal.  This  can  only  be 
done  approximately  f  then  loosen  the  lower  clamp  screw  and  swing  the 
stand  around  until  it  points  in  the  desired  direction.  Clamp  the  vertical 
spindle  and  by  turning  the  upper  clamj)  screw  to  the  left  the  required 
elevation  may  be  given ;  after  which  the  screw  must  be  tightened,  in 
order  to  retain  the  tube  in  place.    Take  a  rocket  from  its  box,  tear  off 
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the  cap  over  tlie  vents,  insert  the  rotjcet,  base  first  into  the  rectangular 
tube  with  the  hook  on  the  stick  glidin*^-  down  between  the  flanges  on 
the  lower  side  of  the  tube.  When  the  hook  strikes  the  band  at  the 
lower  end  of  the  rocket  tube,  the  ro(?ket  is  in  position  for  liring.  Place 
the  fakes  or  faking  box  in  front  of  the  stand,  put  the  ring  of  the  chain 
over  the  cylindrical  tubular  ])rojection  on  the  front  end  of  the  stand, 
letting  the  chain  attached  to  the  line  hang  below.  Stand  clear  of  the 
line,  and,  with  a  port-fire  inserted  in  the  holder,  advance  and  ignite  the 
rocket  by  thrusting  the  port-fire  gently  through  one  of  the  elliptical 
openings  in  the  rocket  tube.  Oare  must  be  taken  not  to  disturb  the 
aim. 

VII. — Action. 

An  instant  after  the  composition  in  the  base  of  the  rocket  is  ignited, 
the  latter  leaps  forward  guided  by  the  rocket  tube,  and  as  it  leaves  the 
tube  the  hook  engages  the  ring  of  the  chain  attached  to  the  line  and 
carries  out  the  chain  and  line. 

The  chain  should  be  fastened  to  the  line  in  advance,  before  it  is 
wanted  for  use. 


288 


REPORT  OF  THE  CHIEF  OF  ORDNANCE. 


YIII.— EXPEROIENTS  WITH  LIFE-SAVING  APPARATUS  AT  SANDY  HOOK, 
1. — Record  of  firings  with  Russian  life-saving  rockets  and  apparatus. 
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i>. — Synoptical  transcript  of  notes  from  the  firing  record. 

RiisHian  life-saving  rockets  and  stand. 
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Italian  hemp  line  No.  6.  Lino  carriofl  out  250  yards  from  firing  point,  when  the  rocket 
chain  broke,  freeing  the  rocket,  which  burst  sliortly  aftcrwiinU.  The  fragmont.s  of  the 
rocket  and  chain  were  found.  Tlui  roai-  diaphragm,  to  whicli  the  rocket  stick  is  at- 
tached, was  Ibuiul  to  have  been  blown  out,  the  walls  betwc(in  tlie  vents  iu)t  being 
strong  onougli  to  withstand  the  pressure  of  the  imprisoned  gases.  The  ring  of  the 
rocket  chain  liad  a  Haw  in  tlie  material.  The  cliain  parted  at  tliat  point.  It  is  proba- 
ble that  1  lie  chain  broke  at  the  instant  the  composition  took  lire  all  around,  giving  a 
sudden  inei  easo  of  velocity. 

Ttocket  exploded  as  before.  Flight  erratic;  rocket  ricocheted  on  the  water  before 
bursting. 

Erratic  trajectory.   Rocket  ricocheted  on  the  water,  turned  to  the  right,  from  which 

direction  the  wind  was  blowing,  and  finally  burst. 
Struck  the  sand  beach  60  yards  ii'om  the  stand,  ricocheted  and  disappeared  beneath  the 

water. 

Eocket  oxplod(Ml  about  200  yards  in  front  of  stand.   Used  quick-match  in  the  vents. 

Rocket  shot  c^ut  of  tiibe  almost  the  instant  the  port-fire  was  applied. 
No  remarks.    By  some  mistake  the  record  was  left  incomplete. 
Exploded  in  tlio  air.    Time  of  tlight,  4^  seconds. 
Exploded  in  the  air  2^  seconds  from  time  of  stai  ting. 
Exjiloded  in  the  air  4  seconds  from  time  of  starting. 
Exploded  in  the  air  about  280  yards  from  the  stand;  time  lost. 
Exploded  in  the  air;  no  time  taken. 
Exploded  in  1|  seconds  from  time  of  starting. 
Exploded  in  2  seconds  from  time  of  starting. 
Ex])loded  in  the  air;  no  time  taken. 

Did  not  explode.    Good  line  shot.   Ricocheted  two  or  three  times  on  the  sand. 

Exploded  in  the  air. 

Exploded  in  tlie  air. 

Exploded  in  the  air. 

Exploded  in  the  air. 

Exploded  in  the  air. 

Exploded  in  the  air. 

Exploded  in  the  air. 

Exploded  in  the  air. 

Exploded  in  the  air. 

Rocket  exploded  in  the  air. 

Rocket  exploded  in  the  air. 

Rocket  exploded  in  the  air. 

Rocket  exploded  in  the  air. 

Rocket  exploded  in  the  air. 

Rocket  exploded  in  the  air. 

Rocket  exploded  in  the  air. 

Rocket  exploded  in  the  air. 

Rocket  exploded  in  the  air. 

Rocket  exploded  in  the  air. 

Rocket  exploded  in  the  air. 

Rocket  exploded  in  the  air. 

Rocket  exj)loded  in  the  air. 

Rocket  exploded  in  the  air. 

Rocket  exploded  in  the  air. 

Rocket  exploded  in  the  air. 

Rocket  exploded  in  the  air. 

Rocket  exploded  in  the  air. 

Rocket  exploded  in  the  air. 

Rocket  exjiloded  in  the  air. 

Rocket  exploded  in  the  air. 
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P  A  li  T   I  I  I . 

GERMAN  LIFE-SAVING  ROCKETS  AND  ROCKET  APPARATUS. 

GERMAN  LIFE-SAVING  APPARATUS. 

I. — 5    German  LIFE-SAVING  ROCKET. 
(Plate  III.) 

1  .—DESCRIPTION. 

The  5-centimeter  Oermau  life-saving  rocket  (5*^"'"  Rettimgsrakete)  is 
composed  essentially  of  a  body,  head,  base,  rocket-stick  and  chain.  The 
rocket  case  or  body  is  cylindrical,  made  of  sheet  metal  0'^05  in  thick- 
ness. 

The  head  is  ogival,  with  a  shoulder  that  extends  one-fonrth  of  an  inch 
beyond  the  case,  and  has  a  cylindrical  tenon  to  fit  tlie  front  end  of  the 
rocket  case. 

The  latter  is  secured  to  the  head  by  screws.  The  inside  of  the  rear 
end  of  the  case  is  reinforced  for  of  its  length  by  a  cylindrical 
metallic  ring,  which  serves  as  a  seat  for  the  screws  that  attach  the  base 
to  the  body. 

The  base  extends  to  the  rear,  forming  three  ribs,  placed  triangularly, 
with  all  the  metal  removed  from  the  axial  portion  to  facilitate  the  escape 
of  gas.  These  ribs  conjoin  at  their  posterior  ends.  An  axial  hole  is 
drilled  through  this  portion,  having  a  female  screw  thread  cut  upon  its 
interior  surface  to  receive  the  screw  on  the  end  of  the  rocket  stick. 

When  prepared  and  packed  for  service  the  composition  is  covered  by  a 
water-proof  cap,  from  which  projects  a  fuse,  extending  2". 5  towards  the 
rear.  The  fuse  is  steadied  in  its  position  by  a  strap  of  laboratory  paper 
reaching  to  one  of  the  ribs.  The  fuse  and  cap  are  covered  with  a  coat 
of  shellac  varnish.  Care  must  be  taken  in  handling  not  to  break  off  the 
fuse,  which  is  more  or  less  exposed. 

The  rocket-stick  is  of  wood,  enveloped  at  the  front  end  by  a  metallic 
frustum  of  a  cone,  whose  larger  base  receiv^es  the  end  of  the  stick,  and 
whose  smaller  base  is  penetrated  by  the  shank  of  a  screw,  intended  to 
enter  the  hole  in  the  base  of  the  rocket.  The  stick,  frustum,  and  screw- 
shank  are  bound  together,  and  held  in  place  by  two  wrought-iron  bolts 
of  small  diameter. 

The  rear  end  of  the  rocket-stick  is  armed  with  an  iron  loop,  with 
flattened  arms,  slightly  curved  to  fit  the  outside  of  the  stick.  This  loop 
serves  as  the  point  of  connection  for  the  rocket-chain. 

The  diameter  of  the  rocket-stick  is  slightly  greater  in  the  middle  than 
at  either  end. 

All  the  metallic  parts  of  this  lin  e-carrying  projectile  are  painted  black. 
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Totid  longpth  of  5"'">  life-saving  rocket  . 
Case  or  body  : 

Xicnfitli  

Exterior  diameter  

Interior  diameter  

Thickness  of  nietal  , 

IToad : 

Total  length  

Point — 

Length  of  

Diameter  of  l)a8e  

Tenon — 

Length  

Diameter  

Base-ring : 

Length  

Exterior  diameter  

Interior  diameter  

Base : 

Total  length  

Diameter,  front  end  

Diameter,  rear  end  

Length,  embracing  case  

Length  of  female  screw  in  rear  end 

Diameter  of  screw  hole  

Depth  of  ribs  at  front  end  

Depth  of  ribs  at  rear  end  

Width  of  ribs  

Number  of  libs  

Rocket-stick : 

Total  length  

Diameter  at  junction  with  rocket . . 

Diameter  at  larger  basd  of  frustum 

Diameter  at  middle  

Diameter  at  rear  end  

Eocket-chain : 

Total  length  

Ring — 

Exterior  diameter  

Interioi'  diameter  

Thickness  

Links — 

Length  

Width  

Thickness  

Total  length  of  rocket  and  stick  

Weight  of  rocket  

Weight  of  rocket  stick  and  chain  

Total  weight  of  rocket  complete  


23.  5 

59.  69 

15.  0 

38. 10 

2. 15 

5.  45 

2.  05 

.5.  20 

0.  05 

0. 13 

5.  2 

13.  20 

.'}.  6 

91.44 

2.  05 

6.  73 

1.  G 

4.  06 

2.  05 

5.  20 

1.1 

2.  79 

2.  05 

5.  20 

1.  G5 

4. 19 

5.  8 

14.  73 

2.  05 

6.  73 

].25 

.3. 17 

0.  9 

2.  28 

1.2 

3.  05 

0.  025 

1.  57 

0.  45 

1. 14 

0.  40 

1.  01 

0.  35 

0.  89 

39.  4 

100.  07 

1.  2 

3.  05 

2.  2 

6.  58 

2.  2 

5.  58 

2.  0 

5.  08 

87.0 

220.  98 

1.5 

3.  81 

0.7 

1.  78 

0.4 

1.  01 

1.5 

3.  81 

0.  75 

1.  90 

0.  20 

0.  51 

61.7 

156.  71 

Pounds. 

Kilos. 

10.0 

4.  53 

5.5 

2.  49 

15.5 

7.  02 

For  further  details,  see  Plate  III. 
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II.— 8""  German  Life-saving  Eocket. 
(Plate  IV.) 

1. — DESCRIPTION. 

The  form  and  construction  of  this  life-saving  rocket  (8 Eettungs- 
rakete)  is  essentially  the  same  as  the  5-centimeter  rocket,  from  which  it 
differs  only  in  dimensions  and  weight.  The  description  of  the  5""  rocket 
will  answer  for  this  one. 


2. — rrincqml  dimensions  and  iveigMs. 


Total  length  of  8<''"  lilte-saving  rocket. . . 
Case  or  body: 

Length   

Exterior  diameter  

Interior  diameter  

Thickness  of  metal  

Head : 

Total  length  

Point- 
Length   

Diameter  of  base  

Tenon — 

Length  

Diameter  

Base-ring : 

Length  

Exterior  diameter  

Interior  diameter  

Base : 

Total  length  

Diameter  of  front  end  

Diameter  of  rear  end  

Length,  embracing  case  

Length  of  female  screw  in  rear  end 

Diameter  of  screw-hole  

Depth  of  ribs  at  front  end  

Depth  of  ribs  at  rear  end  

Width  of  ribs  

Number  of  ribs  

Hocket-stick : 

Total  length  

Diameter  at  junction  with  rocket  .. 

Diameter  at  larger  base  of  frustum 

Diameter  at  middle  

Diameter  at  rear  end  

Eocket-chain : 

Total  length  

Eing— 

Exterior  diameter  

Interior  diameter  

Thickness  

Links — 

Length  

Width  

Thickness  

Total  length  of  rocket  and  stick  

Weight  of  rocket  

Weight  of  rocket  stick  and  chain  

Total  weight  of  rocket  complete  


Inches. 


34.5 

10.5 
3.  22 
3.1 
0.  06 

8.  75 


1.  35 
3.1 

2.  875 

8.3 

3.  75 

L  5e 

L8 
L6 
0.  625 
0.  75 
0.  875 
0.  75 
Three  . . 


39.9 
L4 
2.0 
2.3 
2.3 

122.5 

L7 
LI 
0.3 

L3 
t.6 

0.2 
73.3 
Pounds. 
35.0 

7.  25 
42.  25 


For  other  details  see  Plate  lY. 
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Tir. — S^"^  German  anchor  rocket. 
(Plato  y.) 

1. — DESCRIPTION. 

The  8-ceiitiiaeter  anchor  rocket  (S'^'"  Aiikerrakete)  for  life-saving  pur- 
poses is  composed  of  a  body,  anclior-head,  base,  rocket  stick  and  chain. 

Tlie  case,  or  rocket-body,  is  made  of  sheet-metal,  0".0(j  in  thickness. 

The  anchor-head  is  made  of  iron.  The  front  end  is  sub-spherical  in 
form,  connected  with  the  convex  curves  of  the  arms  by  re-entrant  tan- 
gent-curved surftices. 

The  short  shank  in  rear  of  the  head  forms  a  cylindrical  tenon  that  fits 
the  front  end  of  the  rocket  case,  to  which  it  is  secured  by  screws. 

The  arms  and  flukes  are  four  in  number.  The  former  are  triangular- 
prismoidal  in  outline,  and  are  placed  at  right  angles  to  each  other. 

The  arms  are  furnished  with  the  usual  palmate  flukes,  which  are  well 
adapted  for  holding." 

The  rear  end  of  the  rocket  case  is  reinforced  on  the  Inside  for  of 
its  length  by  a  cylindrical  iron  ring.  The  latter  furnishes  a  seat  into 
which  the  screws  that  attach  the  base  are  turned. 

The  base  is  tripodal  in  form,  the  legs  joining  a  cylindrical  ring  at  the 
front  end.  The  conjunction  of  the  legs,  or  ribs,  at  the  rear  end  forms  a 
seat  into  which  is  screwed  the  rocket  stick. 

When  prepared  for  use  and  ready  for  packing  the  rocket  case  is  filled 
with  composition  and  the  rear  end  of  the  case  closed  with  a  water-i^roof 
cap  to  protect  the  contents  from  the  efl'ects  of  moisture. 

This  cap  is  placed  1".3  towards  the  front  from  the  rear  edge  of  the 
basal  ring.  A  fuse,  2'^7  in  length  and  0'^5  in  diameter,  passes  through 
the  cap  and  connects  with  the  rocket  composition. 

The  projecting  fuse  is  liable  to  be  broken  off  in  handling,  if  great  care 
is  not  exercised,  as  the  operator  will  involuntarily  thrust  his  hand  be- 
tween the  ribs  to  grasp  the  rocket  in  picking  it  up  or  carrying  it. 

The  fuse  is  steadied  in  its  position  by  a  straj)  of  laboratory  pax)er 
attached  to  one  of  the  ribs  in  the  same  manner  as  in  the  5^°^  rocket. 

The  fuse  is  coated  with  shellac  varnish. 

The  rocket  sticTc,  technically  so  called,  is  in  this  case  a  hollow  cylin- 
drical tube  of  sheet  metal,  with  a  diameter  about  equal  to  that  of  the 
wooden  stick  for  the  8^"^  life-saving  rocket. 

It  is  constructed  by  taking  a  strip  of  sheet  metal  of  the  necessary 
length  and  width,  curving  it  and  fastening  the  edges  together  with 
twenty-three  iron  rivets. 

The  front  end  is  filled  with  an  iron  plug  extended  to  the  front  as  a 
frustum  of  a  cone,  V'.125  in  altitude,  from  which  projects  the  male  screw, 
2". 25  long,  that  enters  the  base  of  the  rocket  when  assembled  for  use. 
The  rear  end  is  furnished  with  an  iron  loop  having  flattened  arms  that 
are  riveted  to  the  tube.  This  loop  serves  as  the  point  of  attachment  for 
the  rocket-chain. 

The  rocket-chain  is  made  of  the  best  wrought  iron. 

The  rocket  case,  base,  and  "stick"  form  the  shanlc  of  the  quadripal- 
mate  anchor. 

The  usual  anchor  stocJc  is  absent  in  this  combination. 

The  anchor  rocket,  rocket-stick,  and  chain  are  all  ])ainted  black. 
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2. — rritwix)al  dimensions  and  weights. 


Total  length  of  8<""  anchor  rocket  

Kocket-case : 

Length  

Exterior  diameter  

Interior  diameter  

Thickness  of  metal  

Anchor-head : 

Total  length  

Diameter,.excludiug  arms  

Length  of  teuon-shank  

Diameter  of  teuon-shank  

Arms — 

Depth  near  shank  

"Width  under  side  near  shank  

Depth  near  finke  

"Width  under  side  near  t]uke  

Number  of  

Distance  from  front  end  of  head  to  rear  edge  of  ann 
Distance  from  front  end  of  head  to  point  of  tluke  . 

Spread  of  flukes  

Length  of  palms  

Width  of  palms  

Base-ring: 

Length  

Exterior  diameter  

Interior  diameter  

Base: 

Total  lengtli  

Diameter,  fiout  end  

Diameter,  rear  end  

Length  of,  embracing  case  

Length  of  female-screw  thread  -  

Diameter  of  same  

Depth  of  ribs,  front  end  

Depth  of  ribs,  rear  end  

Width  of  ribs  

Number  of  ribs  

Kocket-stick : 

Total  length  

Length  of  screw  

Diameter  of  screw  

Number  of  rivets  

Eocket-chain : 

Total  length  

Ring — 

Exterior  diameter  

Interior  diameter  

Thickness  

Links — 

Length  

Width  

Thickness  

Total  length  of  rocket  and  stick  

Average  weight  of  anchor  rocket  

Average  weight  of  rocket  stick  and  chain  

Total  weight  of  anchor  rocket  complete  


33. 15 

84. 19 

20. 15 

51. 17 

3.  22 

8. 17 

3. 1 

7.  87 

0.  06 

0. 15 

6.5 

16.  51 

3.  35 

8.  50 

1.  85 

4.  69 

3.1 

7.87 

1.  4 

3.  55 

1.  2 

3.  04 

0.  8 

2.  03 

0.  8 

2.  03 

4.  65 

11.  80 

7.  55 

19. 17 

15.  5 

39.  36 

3.  75 

9.  51 

3.  75 

9.  51 

1.  5 

3.  81 

3. 1 

7.  87 

2.  87 

7.  28 

9.4 

23.  87 

3.  75 

9.  51 

L8 

4.  57 

1.  4 

3.  55 

2.  0 

5.  08 

0.  875 

2. 21 

6.  75 

1.  90 

0.  80 

2.  03 

0.  40 

1.  01 

39.  375 

99.  98 

2.  25 

5.  71 

0.  875 

2.  21 

23.0 

58.  41 

123.0 

312.  41 

L5 

3.  81 

0.7 

1.77 

0.4 

L  01 

L5 

3.  81 

0.  75 

1.  90 

0.  20 

0.50 

70.  275 

178.  47 

Pounds. 

Kilos. 

37.  375 

16.  95 

9.0 

4.  08 

46.  375 

21.  03 

Measured  parallel  to  the  axis  of  the  rocket. 

See  Plate  Y  for  other  dimensions. 

lY.— German  LiFE-sAviNa  rocket-stand. 
(Plate  YD 

1.— DESCRIRTION. 

The  German  rocket-stand  is  trough-like  in  shape,  and  is  sni)ported  by 
two  legs  near  the  front  end  and  a  curved  iron  foot  or  tang-  at  the  rear 
end. 

The  general  outline  may  be  seen  by  reference  to  the  plate,  Pigs.  1  to  6. 
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The  trough-like  body  of  the  tube  Is  made  of  sheet  iron  or  steel,  aiul  is 
f.onstrueted  from  a  single  piece  of  metal,  curved  over  a  former  of  the  re- 
quired shape. 

A  longitudinal  slot  in  the  bottom,  lO^^O  long  and  V  wide,  extends 
from  the  front  end  to  the  first  exterior  rib  (Fig.  2).  Tliis  slot  is  for  the 
reception  of  the  rocket-chain,  which  is  led  along  the  bottom  of  the 
trough  under  the  rocket  and  stick,  and  allowed  to  pass  downward  through 
this  slot. 

The  lougitudinal  edges  of  the  trough  are  stiffened  and  strengthened 
by  angle-pieces  of  iron  running  the  whole  length.  These  angle-pieces 
have  one  side  riveted  to  the  inside  of  the  trough,  forming  the  bearing 
surfaces  for  the  rockets,  and  the  other  forming  an  exterior  projecting 
flange. 

A  rolled  iron  bar,  \"  wide  and  0".?)  thick,  runs  from  the  roar  end  of 
the  longitudinal  slot  the  whole  length  of  the  trough  on  the  under  side. 

The  lower  or  rear  end  of  this  metallic  bar  j)rojects  about  10'^  beyond 
the  frame,  is  decurved  and  i)oiuted,  to  form  the  claw  or  tang  for  the  sup- 
port of  this  end  of  the  trough. 

A  curved  brass  plate,  0".l  wide  and  O'^.o  thick,  arches  over  the  rear 
end  of  the  frame,  forming  an  abutting  surface  for  the  rocket-stick  ami 
binding  the  sides  of  the  trough  together. 

Two  six-inch  braces,  0".7  wide,  extend  backwards  and  downwards  to 
the  tang  from  the  junctions  of  the  brass  plate  with  the  sides  of  the 
trough. 

The  angle-pieces,  bottom  bar,  brass  plate,  and  braces  give  strength 
and  rigidity  to  the  rocket-stand. 

The  stand  is  further  strengthened  hj  four  nearlj^  equi-distant  exterior 
iron  ribs,  V  wide,  that  serve  to  bind  the  component  parts  together. 

On  the  under  side,  below  the  first  rib,  is  a  lug  which  sui)ports  a  hori- 
zontal axis. 

The  ends  of  this  axis  are  slotted  to  receive  the  ends  of  the  legs.  The 
latter  are  held  in  position  by  metallic  pins  passing  through  their  blade- 
like ends  and  the  axis. 

These  projections  from  the  legs  are  trapezoidal,  the  beveled  ends  abut- 
ting against  side  plates  on  the  exterior  of  the  trough  when  the  stand  is 
in  use. 

The  side  plates  prevent  the  indentation  of  the  thin  metal  of  the  trough 
by  the  upper  ends  of  the  legs. 

The  legs  are  of  wood,  ferruled  with  iron  at  each  extremity  to  prevent 
splitting. 

Decurved  iron  spikes  in  the  lower  ends  enable  them  to  be  placed  firmly 
in  the  hard  or  frozen  soil  to  give  stability  to  the  stand. 

The  legs  can  be  closed  together  and  then  folded  to  the  rear  until  they 
lie  parallel  to  the  axis  of  the  trough. 

Notwithstanding  the  angle-irons,  the  longitudinal  slot  at  the  front  end 
weakens  the  trough  considerably ;  to  remedy  this,  side  plates,  lO'^G  long, 
are  placed  one  on  each  side  under  the  forward  rib  to  stiflen  the  sides. 

The  draughtsman  has  erred  slightly  in  outlining  the  cross-section  of 
the  trough  in  Plate  VI.  As  shown  there  it  is  nearly  semi-circular  in 
form,  while  it  should  have  appeared  almost  trapezoidal  with  a  rounded 
bottom. 

The  planes  of  the  projecting  flanges  are  represented  as  being  coinci- 
dent, whereas  they  should  bend  downwards  slightly,  forming  an  obtuse 
angle  with  each  other.    This  rocket-stand  is  painted  a  lead-color. 
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2. — Principal  dimensions  and  weight. 


Trough : 

Total  length  

Total  length  with  rear  tang  

Interior  width  at  top  

Interior  width  at  bottom  

Inside  slant  height  of  sides  

Length  of  slot  at  front  end  

"Width  of  slot  at  front  end  

Exterior  ribs — 

Number  of  

Width  

Distance  of  horizontal  axis  from  front  end 
Two  legs : 

Total  length  

Diameter  of  upper  end  

Diameter  of  lower  end  

Iicngth  of  spike  in  lower  end  

"Weight  of  rocket -stand  


Inches. 

Centime- 
ters. 

72.  75 

184. 78 

82.  75 

210. 18 

3.8 

9.  65 

1.0 

2.54 

2.8 

7. 11 

10.9 

27.  68 

1.0 

2.54 

Four  

1.0 
15.5 

2.54 
39.  36 

54.  375 

1.3 

1.3 

3.0 
Pounds. 
35.0 


For  further  particulars  consult  tlie  drawings,  Plate  YI. 

Y.— Firing-staff. 


(Plate  YI,  Fig.  7.) 

1. — DESCRIPTION. 

This  is  made  of  wood,  shod  at  one  end  with  a  sharp-pointed  steel 
socket  and  armed  at  the  other  with  a  hollow  brass  tube,  bent  and  split 
to  form  a  hinged  clamj).    The  latter  is  actuated  by  a  lever  and  spring. 

This  staff  is  used  to  hold  the  pillenUchte  for  igniting  the  rocket  fuse. 

The  sharp -i)oin ted  socket  is  for  convenience  in  thrusting  it  into  the 
ground  in  an  upright  position. 

If  carelessly  thrown  aside,  it  is  liable  to  be  lost  in  the  sand.  The  staff 
is  painted  the  same  color  as  the  rocket  stand. 

The  drawing  shows  a  inllenliclit  in  situ. 


2. — Dimensions  and  weiglit. 


luches. 

Centimeters. 

72.0 
L2 
10.0 

Pounds. 

2 

182.  88 
3.  04 
25.  40 

Kilograms. 

0.  91 

Diameter   

Weight  

YI. — Firing-lock. 


(Plate  YII,  Figs.  1-4.) 

1.— DESCRIPTION. 

The  firing-lock,  or  more  properly  the  igniting-lock  (Zliiidschloss),  is 
an  instrument  used  for  the  purpose  of  igniting  the  primer  in  the  end  of 
the  pillenlicht  by  percussion. 

The  principal  components  are  the  stock,  lock  tube,  firing-bolt,  bolt- 
spring,  bolt-pin,  firing-pin,  firing-lever,  and  spring. 
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2. — STOCK. 

The  stock  is  inadc^.  of  hard  wood,  neatly  fiuished.  The  lock -tube  is 
attaclied  to  tlie  trout  end  of  the  stock,  on  the  under  side  of  which  is  a 
curved  projection  to  ^iv  e  a  firm  grip  to  the  hand  of  the  operator. 

A  hole  is  sometimes  bored  throTigh  the  bntt  of  tlie  stock,  through 
which  a  cord  is  i)assed  for  the  purpose  of  attaching  it  to  the  belt  of  the 
surfman  or  to  his  wrist  in  order  to  prevent  its  loss. 

3.-  LOCK-TUBE. 

This  is  made  of  bronze  (gun  metal),  carefully  turned  and  finished  upon 
the  exterior.  The  middle  portion  of  the  tube  is  cylindrical,  exi)anding 
at  the  front  end. 

The  rear  portion  is  also  cylindrical,  greater  in  diameter  than  the  mid- 
dle part,  to  which  it  is  joined  by  a  projecting  molding.  This  molding  is 
slotted  longitudinally  on  top  to  form  a  fulcrum  seat  for  the  firing  lever. 

The  front  end  is  countersunk  to  form  a  cavity  Avhose  interior  surface 
is  somewhat  bell-mouthed  in  shape. 

An  axial  hole  is  bored  from  the  rear  end  nearly  to  the  anterior  cavity ,^ 
and  a  small  hole  for  the  firing-pin  is  drilled  through  to  connect  the  two. 
The  large  hole  is  counterbored  to  within  i)".S  of  the  bottom  in  order  to 
increase  its  diameter  for  the  reception  of  the  body  of  the  firing-bolt  and 
its  spiral  spring. 

A  transverse  slot,  witii  circular  ends,  extends  through  the  tube  from 
side  to  side  to  allow  longitudinal  play  for  the  bolt-pin  in  cocking  and 
firing. 

On  top  of  the  tube,  directly  over  the  middle  point  of  the  transverse 
slot,  is  a  square  mortise  through  which  the  bolt-catch  on  the  firing-lever 
passes. 

A  hole  is  drilled  in  the  upper  part  of  the  molding  for  the  fulcrum -pin 
of  the  firing-lever,  and  another  near  the  rear  end  for  the  assembling-pin 
that  holds  the  tube  and  stock  together. 

4. — FIRING-BOLT. 

The  firing-bolt  is  cylindrical,  with  a  round  tenon  in  front  of  the  body. 
The  tenon  fits  closely  the  hole  in  the  tube  below  the  counterbore,  and 
is  armed  at  its  front  end  with  a  needle  or  firing-pin. 

A  transverse  hole  through  the  body  receives  the  bolt-pin  of  steel  wire 
which  projects  on  each  side  of  the  tube. 

The  bolt  is  actuated  by  a  spiral  spring  of  steel  wire.  The  spring  is 
placed  between  the  bolt-head  and  a  plug  that  fills  the  rear  portion  of 
the  axial  hole. 

The  firing-pin  or  needle  is  made  of  steel  wire  driven  into  a  hole  in  the 
front  end  of  the  bolt  and  then  brought  to  a  very  sliarp  point. 

5. — FIRING-LEVER. 

The  firing-lever  is  made  of  steel  and  tempered.  The  rear  end  is  flat- 
tened and  bent  slightly  upwards  to  serve  as  a  trigger. 

At  the  front  end  is  a  rectangular  bolt-catch  projecting  at  right  angles 
from  the  under  side  of  the  lever. 

A  flat  steel  spring  under  the  rear  end  of  the  lever  presses  that  end 
upwards  and  holds  the  bolt-catch  down  on  the  bolt.  This  catch  passes 
I  through  the  mortise  in  the  tube. 

i 
I 
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6, — Prhicipnl  dimensions  and  ivcight. 


Total  length  of  firing-lock 
Length  of  lock-tube  

"Weight  of  firing-lock  


Inches.  Centimeters. 


9.4 
5.  75 
Ounces. 
11.  25 


23.  87 
14.  59 

Grams. 

318. 93 


7. — ACTION. 

Seize  the  stock  iu  the  ri^ht  hand,  and  with  the  thumb  and  index  fin- 
ger of  the  left  compress  the  spiral  bolt-spring  by  pulling  the  transverse 
bolt-pin  A  (Plate  VII)  to  the  rear  until  the  bolt-catch  I  drops  off  the 
body  of  the  bolt  B,  and  falls  upon  the  tenon  0. 

The  spring  S  will  press  up  the  rear  end  of  the  firing-lever  T  and  keep 
the  bolt-catch  in  place. 

The  annular  shoulder  of  the  bolt  presses  against  the  rear  surface  of 
the  catch.  In  this  position  the  firing-pin  D,  or  needle,  is  withdrawn 
into  the  lock-tube,  as  shown  in  Fig.  3.  The  pressure  of  the  thumb  of 
the  right  hand  upon  the  flattened  end  T  (Fig.  2)  of  the  lever  com- 
presses the  spring  S  (Fig.  3),  elevates  the  bolt-catch  I  (Fig.  3),  to  the 
position  I  (Fig.  4),  releases  the  bolt,  and  allows  the  spiral  spring  F  (Fig. 
3)  to  act. 

The  bolt  springs  forward,  thrusting  the  firing-pin  D  out  into  the  cav- 
ity E,  where  it  strikes  the  fulminate  in  the  end  of  the  ;piUenlicht  P  and 
ignites  the  comx)osition. 

8.— USE. 

The  object  of  the  firing-lock  is  to  furnish  a  ready  means  of  igniting 
^illenlichte  after  they  are  inserted  in  the  firing-stafi:*  and  clamped. 


YII. — PiLLENLICHTE. 


(Plate  YII,  Fig.  5.) 

1. — DESCRIPTION. 

These  are  short  cylindrical  tubes  of  laboratory  paper,  filled  with  a 
composition  resembling  that  in  port-fires.  The  exact  ingredients  and 
and  their  proportions  are  unknown. 

A  countersink  is  formed  in  one  end,  at  the  bottom  of  which  is  placed 
a  small  disk  of  fulminate  covered  with  a  water-proof  cap.  The  entire 
exterior  is  varnished. 

A  section  of  a  pillenlicht  is  shown  at  P  (Fig.  4,  Plate  YII).  These 
are  used  to  light  the  fuses  of  the  life-saving  and  anchor  rockets. 

The  pillenlichte  are  put  up  in  packages  of  twenty  (20)  each. 


2. — Dimensions  and  weight. 


Inches. 

Centimeters. 

Total  length  

1.  55 
0.  625 
0.1 

Seconds. 
45 

Grains. 
230 

3.93 
1.58 
0.  25 

Weight  
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A'JLJ.— 1*A(JKING. 
LIFE-SAVING  ROCKETS.  » 
1. — DESCRIPTION. 

The  German  anelior  and  life-saving' rockets  are  packed  securely  in  tin- 
lined  boxes.  The  boxes  are  made  of  hard  pine,  planed  smooth  on  both 
sides,  with  the  corners  dovetailed.  The  bottom,  sides,  and  ends  are 
lined  with  tin.  Tlio  top  is  not  lined  and  is  screwed  to  the  sides  and 
ends.  A  label  on  the  inside  of  the  cover  of  the  box  bears  i)rinted  on 
its  face  a  list  of  the  contents  of  the  box  in  the  German  language.  A 
similar  label  is  pasted  on  the  end  of  the  box.  The  rocket  boxes  are  oiled 
but  not  painted.  Bottom,  middle,  and  top  clamps  at  each  end  hold  the 
rockets  in  place.    A  strip  of  felt  separates  the  rockets  from  the  clamps. 

2. — DIMENSIONS  OF  rACKINCJ-BOXES. 


a. — For  5<"'"  life-saving  rocJcets. 


Inches. 

Centimeters. 

f  Length  

26.  75 
9.5 
8. 125 

67.  93 
24. 13 
20.  57 
Four. 

(  Depth  

h. — Foi'  8c'n  life-saving  rockets. 

Inches. 

Centimeters. 

(  Length  

37.  25 
12.5 
11.  25 

94. 19 
31.74 

28.  56 
Four. 

(Depth  

Xumbei'  of  rockets  in  each  box  

c. — For  8''°  anchor-rockets. 

Inches. 

Centimeters. 

^                              (  Length  

36.0 
14.  25 
20.5 

9L  44 
36. 18 
52.  06 
Two. 

(Depth  

.  3. — WEIGHTS. 

Pounds. 

Kilogrammes. 

Total  weight  of  packing-box  containing  four  8<="'  rockets  

61.5 
195.5 
151.0 

27.  88 
88.67 
68.  49 

4.— ROCKET-STANDS. 


The  German  rocket  stands  are  packed  in  long  narrow  boxes,  painted 
a  lead  color.    The  top  is  screwed  to  the  sides  and  ends.    Hope  loops. 
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two  on  each  side  near  tlie  ends  serve  as  handles  for  transportation.  A 
firing-staff  is  placed  in  each  box. 

a. — Dimensions  and  iveifjht. 


Indies. 

Centimeters. 

86.0 

218.  44 

8.0 

20.  32 

(  Depth  

7.  25 

18.  40 

Pounds. 

Kilos. 

81.5 

36.  90 

5. — ROCKET  STICKS  AND  CHAINS. 


1. — DESCRIPTION. 

The  sticks  and  chains  for  the  5-centimeter  and  8-centimeter  rockets 
are  tied  in  bundles  of  4  each. 

The  chains  are  doubled  back  and  forth  the  length  of  the  stick,  and 
have  the  loops  fastened  to  the  ends  of  the  stick  by  twine. 

The  anchor-rocket  sticks  are  placed  in  bundles  of  two  each. 


2. — WEIGHTS  OF  BUNDLES. 


Pounds. 

Kilogrammes 

22.  25 

29.0 

18.0 

10.  08 
13. 15 
8. 16 

IX. — Date  of  manufacture. 

All  the  German  life-saving  rockets,  5-centimeter,  8-centimeter,  and 
8-centimeter  anchor-rockets  were  fabricated  in  1877.  The  rockets  were 
packed  in  December,  1877,  as  shown  by  the  labels. 

X. — German  rocket-line. 

This  rocket  line  is  made  of  hemp.  The  line  is  twisted,  and  is  made 
with  three  strands,  each  composed  of  four  yarns.  The  diameter  of  this 
line  is  0".31,  or  a  little  greater  than  Xo.  9  Silver  Lake  braided  cord." 
The  rocket-line  is  stowed  in  the  faking-box  in  the  usual  manner.  The 
combined  weight  of  the  faking  box  and  line  is  100  pounds,  or  9.5  pounds 
greater  than  the  United  States  service  box  A,  with  a  Xo.  9  linen  line. 

XT.— German  faking-box. 
(riate  yiii.) 

1. — DESCRIPTION. 

These  boxes  contain  the  rocket-lines,  and  are  similar  to  those  in  use 
in  our  own  service.  They  d:ffer  from  the  American  box  in  being  longer, 
a  little  less  in  width,  and  far  more  complicated  in  construction. 
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Tbc  top  has  three  equidistant  transverse  cleats  on  the  upper  side  to 
strcng*th(Mi  it.  A  lii>  at  eacli  end  overhangs  the  end  of  tlie  box.  Iron 
straps  attaclied  to  tlie  lid  and  lun  inside  of  the  box  form  the  hinj^es. 
These  hinges  are  hehl  in  position  and  swing  ni)on  iroii  pins  5''.875  in 
length,  having  an  cyo.  at  one  end  and  a  slot  at  the  other.  A  leather 
thong  is  made  fast  in  the  eye-hole,  and  is  long  (^nongh  to  ])ass  through 
the  slot  in  the  other  end  of  the  pin.  This  pin  is  thrust  througii  tlie  cyl- 
indrical heads  of  the  hinge  strajis  on  the  box  and  lid,  and  the  thong  is 
passed  through  the  slot  to  secure  the  pin  in  i)osition.  This  arrangement 
admits  of  the  top  or  lid  being  removed  entirely  when  desired.  Two 
slotted  straps  or  hasps  attached  to  tlie  front  side  of  the  lid  engages  the 
staples  on  the  front  of  the  box.  The  body  of  the  box  is  rectangular  in 
shape,  open  at  the  top  and  bottom,  and  of  sufficient  depth  to  contain 
the  fiiking-pins  and  line. 

The  staples  on  the  front  side  of  the  box  are  seated  upon  iron  plates 
2"  X  l".o.  The  plates  are  let  into  the  wood  a  distance  equal  to  their 
thickness,  and  are  held  in  place  by  four  short  screws,  one  at  each  angle 
or  corner.  The  handles  are  placed  at  the  ends  of  the  box  near  the  upper 
edge.  These  are  of  one-fourth  inch  iron  wire,  bent  to  the  required  form, 
and  passed  through  staples  attached  to  thin  iron  plates  4'^5  x  2'M25 
screwed  to  the  box.  Near  the  lower  edges  of  the  ends,  midway  between 
the  sides,  are  two  plates  carrying  the  iron  hooks  that  engage  correspond- 
ing staples  on  the  frame  and  attach  the  box  to  the  frame. 

The  frame  is  made  of  1".25  lumber,  and  is  46'^5  in  length  by  17^^.375  in 
width.  The  w  idth  of  the  side  and  end  pieces  is  4,".o.  Holes  are  bored 
and  tapped  to  fit  the  screw-thread  tenons  of  the  faking-pins  in  both  the 
side  and  end  pieces.  There  are  sixteen  inns  on  each  side  and  four  at 
each  end — forty  in  all.  The  false  bottom  is  pierced  with  holes  corre- 
sponding to  the  number  of  faking-pins,  and  is  placed  over  them,  resting 
upon  the  frame. 

The  corners  of  the  body  of  the  box  are  covered  with,  sheet-iron  angle- 
pieces.    The  corners  of  the  lid  are  similarly  protected. 

The  total  weight  of  the  faking-box  and  rocket-line  is  100  pounds.  The 
faking-box  is  made  of  hard  pine,  and  painted  lead  color. 

For  further  details  and  dimensions,  see  Plate  YIII. 

XII. — Method  of  using  the  german  rocket  apparatus. 

The  apparatus  is  supposed  to  be  at  the  tiring-point.  First  remove  the 
rocket  stand  from  its  box,  spread  the  legs,  and  place  the  stand  with  the 
axis  of  the  trough  i)ointing  in  the  desired  direction.  Then  give  the 
proper  elevation  by  raising  or  lowering  the  front  end  by  means  of  the 
legs. 

A  quadrant  or  combination  level  is  used  to  adjust  the  elevation. 
Place  the  faking-box  several  feet  in  front  of  the  stand,  turn  it  upside 
down,  remove  the  frame  and  pins  and  false  bottom.  Incline  the  box  to 
the  front  with  its  length  in  the  direction  of  the  line  of  fire,  and  place 
the  false  bottom  or  frame  transversely  on  edge  beneath  the  rear  end  of 
the  box,  to  preserve  the  x>i*oper  inclination  towards  the  front.  Then 
screw  a  rocket-stick  into  the  base  of  one  of  the  rockets,  put  the  chain  in 
the  slot  at  the  front  end  of  the  trough  of  the  stand,  and  lead  it  along 
the  bottom  of  the  trough.  Place  the  rocket  in  the  trough  over  the  chain, 
drawing  the  latter  taut,  and  allow  the  end  of  the  stick  to  abut  against 
the  i)late  at  the  lower  end  of  the  trough ;  carry  the  other  end  of  the 
rocket-chain  to  the  front  and  tie  the  rocket-line  to  the  ring.  The  rocket 
is  now  ready  to  be  fired. 
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Take  a  pillenliclit  aud  put  the  square  end  in  the  clamp  of  the  firing- 
staff*,  which  brings  the  end  with  the  fulminating  i>rimer  to  the  front, 
^^ext  place  the  bell-shaped  mouth  of  the  firing-lock,  with  the  firing-pin 
withdrawn,  over  the  outer  end  of  the  pillenlicht ;  i^ress  the  thumb  upon 
the  rear  end  of  the  firing-lev^er.  This  action  relieves  the  firing-pin,  the 
spiral  spring  throws  it  to  the  front,  exploding  the  primer,  which  sets 
the  composition  on  fire.  Approach  the  rocket- stand,  extend  the  firing- 
staff:*  until  the  burning  lyillenlicht  comes  in  contact  with  and  ignites  the 
fuse  in  the  base  of  tlie  rocket.  After  seeing  that  the  fuse  is  properly 
ignited,  stand  clear  of  the  apparatus. 

XIII. — Action. 

As  soon  as  the  fuse  burns  up  to  the  base  of  the  rocket,  the  composition 
takes  fire,  and  the  rocket,  guided  by  the  inclined  trough  of  the  stand,  is 
launched  to  the  front,  carrying  with  it  the  stick,  chain,  and  rocket-line. 
The  object  of  the  stick  is  to  give  steadiness  to  the  flight,  that  of  the 
chain  to  i)reserve  the  line  from  being  burned  oft'  by  the  flames  issuing 
from  the  rocket. 


XIV. — Cost  of  Gei'man  life-saring  apparatus  (1875). 


Articles. 


Life-saving  rocket  (8  centimeter)  carryinja;  line  1,400  feet.. 
Life-saviug  rocket  (5  centimeter  ?)  carrying  line  1,000  feet 
Anchor-rocket,  1,400  feet  

One  shot-line,  1,000  to  1,700  feet  long  (extra  made)  

Double  hauling-line   

Large  hawser,  1,000  feet  long  

Tongs  or  nippers  for  holding  cartridge  

Pistol  for  firing  cartridge  (firing-lock)  

Quadrant  

Iron  support  (or  ti'ipod)  for  rockets  

Box  for  shot-line  (each)  


Cost. 


German 
reichs- 
marks. 


24.  20 

5.  808 

15.00 

3.  60 

101.  00 

24.  24 

60.  00 

14. 40 

70.00 

16.  80 

113.  00 

27. 12 

216.  00 

51.  84 

6.  00 

L  44 

6.  66 

1.  5984 

7.  50 

1.80 

9.90 

2.  376 

40.  00 

9.  60 

36.  00 

8.64 

The  whole  rocket  apparatus,  placed  upon  one  wagon,  with  all  neces- 
sary appurtenances  except  rockets,  costs  4,400  marks  =  $1,056.  Com- 
iflete  double  wagon,  with  appurtenances,  costs  3,730  marks  =  $895.20. 

There  are  three  reserve  faking-boxes  for  each  rocket  apparatus. 

(N.  B. — One  German  reichsmark  =  24  cents,  gold.) 
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2. — SYXOrXICAL  TRANSCRirr  OF  NOTES  FROM  THE  FIRING-RECORD. 

German  life-saving  and  anchor-rockets  and  stand. 


Service  faldug-box  used  and  placed  2  feet  to  right  of  stand,  and  to  the  rear  nearly  the 

length  of  the  rocket-cliain.    Action  of  rocket,  good. 
Same  remark.    A  larger  line  used. 

gciu  rocket.  Line  broke.  It  is  quite  probable  that  tlic  line  in  vibrating  struck  a  sharp 
corner  on  the  .stand  and  was  cut  off,  as  the  faking-box  was  placed  to  the  right  and  rear 
as  in  the  preceding  shots.  An  examination  of  the  frayed  ends  of  the  line  gave  no  deti- 
nite  solution  of  the  manner  of  severance.  Spent  rocket  recovered  about  900  yards  from 
the  tiring  point. 

gem  rocket.    Used  same  line  as  before.    Action  of  rocket,  good. 

H"^"'  anchor-rocket.  Fired  out  to  sea.  No.  9  line  in  loose  coils  as  wound  up  around  hand 
and  elbow.  Coils  got  caught  and  were  carried  out  to  sea  in  largo  bunches.  The  line 
was  cut  by  drawing  througii  a  tangled  knot,  llange  about  250  to  300  yards,  estimated — 
a  low  estimate.  Eange  much  diminished  by  increased  resistance  of  air  due  to  the  large 
"bunches"  in  the  line. 

8<=™  anchor-rocket.  Fired  out  to  sea.  Used  No.  10  linen  line  (Silver  Lake),  which  was 
fired  from  the  original  coil.  The  line  ran  out  well.  In  hauling  in  on  the  line  it  was 
estimated  that  tlie  anchor  slipped  about  GO  feet  before  it  cauglit  in  the  bottom  and  held. 
Life-boat  of  Station  No.  1,  District  4,  New  Jersey,  was  launched  and  hauled  out  to  the 
anchor  by  the  locket-line.  The  anchor-rocket  was  hoisted  into  the  boat  and  the  latter 
hauled  nearly  to  the  shore  by  the  line.  The  sea-water  left  the  line  still"  and  difficult  to 
handle ;  it  could  not  be  coiled  easily. 


Note. — In  the  German  method  of  using  the  apparatus  the  rocket-chain  is  laid  along  the  bottom  of 
the  trough  of  the  stand  under  the  rocket,  and  then,  falling  downward,  is  lead  to  the  front,  where  the 
faking-box  and  line  are  placed.  In  the  above  trials  tlie  box  was  placed  to  the  rear  and  a  little  to  one 
side,  to  see  whether  the  stand  interfered  with  the  running  out  of  the  line.  In  this  instance  the  chain 
had  to  be  led  to  the  rear. 


PAET  IV 


ENGLISH  LIFE-SAVING  ROCKET  APPARATUS. 
ENGLISH  LIFE-SAVING  APPARATUS. 

I. — English  life-saving  rocket. 
(Plate  IX.) 

1. — DESCRIPTION. 

The  12-pounder  rocket  used  by  the  English  coast-guard  service  is  the 
invention  of  Colonel  (since  General)  Boxer,  R.  A.  Three  difterent  pat- 
terns of  these  rockets  have  been  made  and  issued.  The  one  now  in  use 
is  known  as  "  Mark  III." 

The  Boxer  rocket  is  composed  of  a  head,  head-clip,  body,  base-clip, 
base-plug,  and  diaphragm. 

The  head  is  hemispherical  in  form,  with  a  cylindrical  tenon  that  fits 
in  the  front  end  of  the  rocket-case. 

The  head-clip  nearly  envelops  the  front  end  of  the  rocket-case,  with 
its  forward  edge  coincident  with,  the  exterior  junction  of  the  case  and 
head.  On  one  side  of  the  case  the  iron  strap  forming  the  head-clip  is 
bent  outwards  to  form  a  short  rectangular  tube,  whose  axis  is  parallel  to 
that  of  the  rocket. 

This  short  tube  receives  the  front  end  of  the  rocket- stick. 

The  body  of  this  rocket  consists  of  two  cylinders  of  sheet  metal  (Bcs- 
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semer).  These  cjiiuders  are  placed  end  to  cud  with  their  axes  coinci- 
dent with  tlie  same  straij^lit  line.  The  front  cylinder  is  shorter  than 
the  other,  to  which  and  the  inner  diaphragm  it  is  joined  by  screws  pass- 
ing; throngh  cases  into  the  dia])hragni. 

The  front  cylinder  is  lilled  with  rocket  composition  to  within  0^'  .4  of 
its  front  end.  A  conical -shaped  cavity  is  left  in  the  axial  portion  to 
furnish  a  large  surface  of  iiillammation. 

The  rear  cylinder  is  filled  in  a  similar  manner  with  comj^osition,  leav- 
ing a  solid  portion  of  this  composition  at  the  front  end  between  the  two 
cavities  V  .2  in  thickness.  The  cavity  or  "  bore  "  of  the  rear  cylinder  is 
also  conical  in  shape.  The  base- clip  is  analogous  to  that  at  the  head, 
but  is  longer.  It  nearly  surrounds  the  rear  end  of  the  rocket  and  has  a 
rectangular  tubular  projection  on  one  side  in  line  with  that  of  the  head- 
clip.  The  base-plug  closes  the  rear  end  of  the  cylinder  and  is  pierced 
with  an  axial  vent  one  inch  in  diameter,  through  which  the  gas  escapes 
after  the  ignition  of  the  composition. 

The  diaphragm  is  i)laced  between  and  inside  of  the  two  body  cylin- 
ders and  performs  the  same  functions  for  the  front  cylinder  that  the 
base  plug  does  for  the  rear  one,  and  in  addition  serves  as  a  seat  for  the 
assembling-screws.  A  paper  cap  covers  the  vent,  which  must  be  broken 
before  firing. 

The  rocket-cases  are  protected  on  the  inside  from  the  action  of  the 
composition  by  a  coat  of  anti-corrosive  paint ;  the  outside  is  protected 
and  blackened  by  burning  off  oil.  Since  1870  the  exterior  of  the  case  is 
still  further  i)rotected  by  two  coats  of  red  paint. 


2. — Dimensions  and  weight. 


Boxer  rocket. 


Diameter  of  rocket  case 


Total  len.ctli  

Eadius  of  head  , 

C  Exterior    

'  \  Interior  

Length  of  front  cylinder  

Length  of  rear  cylinder   

C  Length  

^^^^•^^P  \  Rectangular  projection  ....[  ^^^^ 

i  Length  

Base-cllp  I  Rectangular  projection  ....[  ^^^^ 

Length  of  clip-pin  

Diameter  of  vent  


"Weight  of  rocket 


Inches. 

Centimeters. 

25.0 

63.  50 

1.5 

3.81 

2. 75 

6.98 

2.6 
9.3 

6.6 

23. 62 

14.2 

36.  06 

1.5 

3.  81 

1.3 

3.  30 

1.2 

3.  05 

2.5 

6.35 

1.5 

3.  81 

1.3 

3.  30 

*0.  85 

2. 15 

1.0 

2.54 

Pounds. 

Kilograms. 

14. 25 

=  6.46 

*  Length  of  clip-pin  before  bending,  1".2.    Size  of  wire,  No.  8  Birmington  wire-gauge. 
II.— PACKINa. 

The  Boxer  rockets  are  packed  in  rough  lumber  boxes  containing  six 
rockets  each.   The  boxes  are  not  painted. 


III. — Date  of  manufacture. 

The  rockets  presented  for  trial  were  made  in  1877  and  had  the  stamp 
of  the  Boyal  laboratory  at  Woolwich  on  the  packing-boxes. 
2O0RD  *  • 
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lY.— Paints  * 

Red  for  outside  of  case  of  Boxer  life-saving  rocket. 

Pounds.  Ounces. 

Lead,  red   3  0 

Lead,  white   1  0 

Litharge   0  4 

Copperas   0  2 

Oil,  linseed,  boiled   1  pint. 

Anti-corrosive  jjaint  for  inside  of  Boxer  life-saving  rocket  cases. 

Copal  varnish,  pints   0. 25 

Gold  size,  pints   1.0 

Turpentine,  spirits,  pints   1.25 

Lead,  white,  dry,  pounds   7.0 

y. — KOCKET-STIOKS. 

(Plate  IX,  Fig.  5.) 

1. — DESCRIPTION. 

These  are  made  of  pine  and  are  9  feet  6  inches  in  length.  The  portion 
of  the  stick  that  extends  through  the  clips  along  one  side  of  the  rocket  is 
square  in  cross-section  with  a  groove  on  the  side  next  to  the  rocket  to  fit 
the  curvature  of  the  case.  The  stick  in  rear  of  the  rocket  is  octagonal 
in  cross- section.  The  lower  end  of  the  stick  is  surrounded  by  an  iron 
ferrule. 

Two  plates  are  placed,  one  at  the  upper  end  of  the  stick  and  the  other 
at  a  distance  from  that  end  equal  to  the  distance  between  the  clips  on 
the  rocket.  The  lower  plate  has  a  small  flange  that  brings  up  against 
the  lower  clip  when  the  stick  is  inserted  in  position  for  firing  j  both  plates 
are  hollowed  to  fit  the  rocket-case. 

An  iron  clip-pin  with  the  head  bent  at  right  angles  is  inserted  in  a 
hole  through  the  stick  in  front  of  the  base- clip,  to  prevent  the  with- 
drawal of  the  stick  in  firing. 

The  stick  is  partially  surrounded  for  18^'  below  the  vent  by  a  sheath 
ing  of  tin  to  protect  it  from  the  burning  gases. 

Axial  holes  are  bored  in  each  end  of  the  stick  for  the  attachment  of 
the  line.  These  holes  are  curved  outward  from  the  axis  until  they  reach 
the  exterior  of  the  stick  on  the  same  side.  The  holes  are  smoothed  by 
passing  a  red-hot  iron  through  them,  charring  the  wood.  The  sticks 
are  unpainted,  and  are  packed  in  bundles  of  six  (6)  each. 

2.— Dimensions  and  weights. 


Inches. 


Centimeters. 


Length  (9'  6")  

Width  

Thickness  

Number  in  a  bundle  

Average  weight  of  stick  

Average  weight  of  each  bundle 


114.0 
1.  25 
1.  25 
Six. 
Pounds. 

3.16+ 
19  to  19.  5 


289.  55 
3.1 
3. 17 


Kilos. 

1.43 
!.  61  to  8.  73 


*  These  were  obtained  from 
low,  R.  A.,  p.  298. 


Treatise  on  Ammunition,  1874, "*^by  Maj.  W.  R.  Bar- 
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VI.— Washers. 

Two  kinds  of  washers  are  furnished  with  the  Boxer  rockets,  brass  and 
vulcanized  India  rubber.  In  tiring,  tliese  are  placed  between  the  knot  on 
the  end  of  the  rocket-line  and  the  front  end  of  the  stick.  The  object  of 
the  washers  is  "to  reduce  the  effect  of  the  sudden  jerk  which  is  given  to 
the  line  when  the  rocket  is  lired." 

1. — Dimensions. 


C  Diameter  

a.  Brass  washer  . . .  <  Thickness  

i  Diameter  of  hole  in  center. 
(  Diameter  

b.  Rubber  washer..  <  Thickness  

(  Diameter  of  hole  in  center. 


YII. — English  life-saving  rocket-stand. 
(Plate  X.) 

1. — DESCRIPTION. 

This  stand  is  known  as  the  Boxer  rocket  machine  or  stand,  "  Mark 
jy  r^^Q  material  is  sheet-iron,  except  the  legs,  which  are  of  wood. 
This  stand  is  lighter  and  simiDler  in  construction  than  the  older  forms. 

The  principal  parts  are  an  open  rectangular  trough  or  body,  a  curved 
trough,  called  by  the  English  ''a  pry-pole,'^  a  horizontal  axis,  two  legs, 
and  a  graduated  arc  made  of  brass. 

The  rectangular  trough  or  body  receives  the  rocket.  Its  width  is  less 
than  its  depth.  The  front  end  is  stiffened  by  a  narrow  iron  strap 
around  the  outside.  The  upper  edges  are  rolled  over  wire  for  the  same 
purpose.  Kear  the  rear  end,  on  each  side,  are  cut  subelliptical  holes  to 
admit  the  port-fire  in  firing  the  rocket. 

The  body  and  pry -pole  are  connected  by  pieces  of  wrought  iron,  rivets, 
and  braces.  There  are  two  of  the  latter,  one  on  each  side.  Two  pieces  of 
wrought  iron  project  from  the  rear  end  of  the  rectangular  trough  and 
have  holes  bored  to  receive  the  horizontal  transverse  axis. 

The  long  rounded  trough  or  pry-pole  extends  into  the  rear  end  of  the 
body  for  a  short  distance.  The  upper  edges  of  the  pry-pole  are  rolled 
over  a  large  wire  to  stilfen  them,  and  the  trough  is  still  further  strength- 
ened by  a  wrought-iron  bar  0".5  thick,  running  along  the  bottom  the 
whole  length. 

The  lower  or  rear  end  of  this  bar  is  decurved  and  pointed  to  form  a. 
ground  spike  or  foot.  A  strap  with  a  buckle  on  the  end  is  riveted  to 
the  pry-pole  near  the  rear  end,  for  the  purpose  of  binding  the  legs  to  the 
pry-pole  when  they  are  folded  up  for  transportation. 

The  horizontal  axis  has  a  small  swinging  tablet  below,  through  which 
are  pierced  two  holes  for  rivets  for  the  legs.  The  latter  have  a  lateral 
motion  upon  these  rivets  as  axes. 

The  legs  are  made  of  tough  wood.  They  have  wrought  iron  heads  or 
sockets  with  slotted  projections  to  embrace  the  tablet  pendant,  from  the 
horizontal  axis.   Ferrules  envelop  the  lower  ends,  which  are  armed 


Inches 


1.0 

0. 15 

0.5 

1.0 

0.7 

0.5 


Centi- 
meters. 


2.54 
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with  pointed  spikes  In  order  to  secure  a  firm  hold  iii  the  soil  when  placed 
in  position. 

On  the  right-hand  side  of  the  body,  between  the  opening  and  the 
front  end,  is  placed  a  sheet-brass  qnadrant  (Fig.  2),  graduated  and 
marked  from  0^  to  35o.  The  limits  of  elevation  that  can  be  obtained 
with  this  stand,  due  to  its  construction,  are  from  IT^.S  to  40°.  At  the 
center  of  this  arc  is  a  rivet  with  a  projecting  head,  around  which  is  fast- 
ened a  short  string  with  a  minute  pear-shaped  plumb-bob  dependent. 

On  the  left-hand  side  of  the  body  trough  and  parallel  to  its  axis  are 
the  words  "  Life- Saving  Apparatus,"  painted  in  white  letters. 

On  the  projection  for  the  horizontal  axis  on  the  same  side  are  painted 
the  characters  "  IV,"  that  designate  the  model  of  the  stand. 

Near  the  head  of  one  of  the  legs  is  the  date  of  fabrication,  1873." 

The  whole  stand  is  painted  lead  color. 

The  rocket-stand  is  packed  for  transportation  in  a  long,  narrow  box, 
made  of  rough  lumber. 
The  contents  of  the  box  are  marked  upon  the  exterior. 


2. — Dimensions  and  weights. 


Total  length  of  stand. 

(  Length 


JBody 


Pry-pole 


Axis  and  tablet . 


Let 


Packing-box 


^'1*  {Sr/.:;::::::::::::::: 

B'pt"  JgftS;:;;;:;:::;:::;:; 

Length  of  rear  projections  

Size  of  openings  in  sides  |  Wid^h^ 

Distance  of  front  end  of  opening  from  rear  end  

Distance  from  lower  edge  of  opening  to  bottom  

Distance  pry-pole  inserted  from  rear  end    

Distance  between  bottom  of  pry  pole  and  bottom  of  body . 

Length  •  

Interior  width  

-np^th  5  Exterior  

^^y^^  \  Greatest  interior  

Length  of  chord  of  ground-spike  

Distance  of  strap  and  buckle  from  rear  end  

C  Length  

\  Depth  

(  Total  length  

Length  of  slotted  projection  

I  Diameter  of  socket  f  S^SSd  i;:::!  i:!:::::: 

|r-uie  lESX';:::::::::::-.::: 

t  Length  of  spike  

C  Length  

<  Width  

(  Depth  


Weight  of  English  rocket-stand  

Weight  of  English  rocket-stand  and  packing-box 


Laches. 


116.0 

294.  63 

27.  75 

70.  45 

3.5 

8.  89 

3. 

7.  62 

4. 

10. 16 

3.  875 

9.  82 

L7 

4.  32 

4.4 

11. 17 

2.4 

6.  09 

7.  25 

18.  41 

0.8 

4.  57 

7.  25 

18.  41 

2.7 

6.  86 

95.5 

241. 42 

L5 

3.  81 

2. 

5.  08 

L5 

3.  81 

3.0 

7.  62 

46.0 

116.  84 

3.5 

8.  89 

2.6 

6.6 

61. 125 

155.  24 

2.0 

5.08 

LO 

2.  54 

L4 

3.  55 

L4 

3.  55 

L5 

3.  81 

3.125 

7.  92 

12L0 

307.  83 

6.0 

15.  24 

6.5 

16.  51 

Pounds. 

Kilograms. 

30.0 

13.6 

73.5 

33.  34 

YIII. — EOCKET-FUSE. 

The  life-saving  rocket  fuse  is  a  frustum  of  a  cone  in  shape,  made  of 
paper  and  covered  with  kamptulicon.  It  is  l'^5  long  and  fits  the  vent 
in  the  base  of  the  rocket,  which  is  l^'.O  in  diameter.  The  fuse  is  cov- 
ered with  a  paper  cap  tied  on  with  twine. 

The  bore  of  the  fuse  is  filled  with  about  an  inch  of  ordinary  fuse  com- 
position and  burns  about  five  seconds.  The  paper  cap  may  or  may  not 
be  removed  before  firing.    The  fuse  is  ignited  by  means  of  a  i)ort-fire. 


REPORT  OF  THE  CHIEF  OF  ORDNANCE. 


309 


IX. — rolJT-FlRE. 

The  Boxer  port  fire  for  life-s;iviii^-  apparatus  has  a  total  length  of 
9".3j  and  is  cyliudrieal  in  form.  The  exterior  diameter  of  the  case  is  0".7. 
One  end  is  closed  with  a  tin  cap  and  a  piece  of  kamptulicon ;  tliis  cai> 
is        long  and  0".S  in  exterior  diameter. 

On  one  side  the  tin  band  of  the  cap  is  perforated  to  admit  a  detonat- 
ing primer  that  enters  a  small  space  under  the  kamptulicon,  and  fires 
the  priming  of  mealed  powder.  The  exterior  surface  of  thh  port-fire 
is  painted  tlesh  color.  A  circular  black  si)ot  on  the  cap  indicates  the 
position  of  the  hole  for  the  detonating  primer.  The  time  of  burning  of 
this  port-fire  is  six  minutes. 

1. — Packing  port-fires. 

The  port-fires  are  packed  in  tin  cylinders,  containing  25  i)ort-fires 
each.  These  cylinders  are  in  length  and  4'^5  in  diameter.  A  pa- 
per C3dinder  lines  the  inside  of  the  tin  one. 

A  paper  cap  pasted  on  the  ui)per  end  of  the  port-fire  cylinder  bears 
the  following  printed  upon  it :  25  Port-fires,  Life-Saving  Apparatus, 
Mark  I.  Not  to  be  opened  until  required  for  use  or  special  inspection." 
This  is  followed  by  the  date,  government  mark,  and  place  of  manufact- 
ure, thus : 

"8  I  9  I  77" 

2. — A  label  pasted  upon  the  cylindrical  surface  has  the  following  le- 
gend printed  upon  it : 

"  To  open  the  cylinder. — Take  hold  of  the  overlapping  unsoldered  end 
of  the  tin  band,  and  tear  oft'  the  band  by  a  sharp  pull  or  jerk.  The  pull 
must  be  from  left  to  right,  with  the  bottom  of  the  cylinder  against  the 
body." 

X.  — EOCKET-LINE. 

The  English  rocket  line  is  a  loosely  twisted  Italian  hemp  line.  No 
lines  were  sent  with  the  apparatus  received  at  Sandy  Hook. 

XI.  — FATvINa-BOX. 

The  faking-box  used  in  the  English  service  does  not  differ  materially 
from  our  own.  In  fact  our  service-box  was  modeled  after  the  English 
box.    None  of  the  latter  accompanied  the  apparatus. 

XII.— Wreck-light. 

1. — DESCRIPTION. 

This  light  is  used  for  illuminating  the  beach  at  night  in  the  vicinity 
of  a  wreck.  It  is  hung  upon  a  tripod  and  burns  from  24  to  30  minutes. 
I'he  tripod  is  a  simple  afMr,  consisting  of  three  wooden  legs,  ^"  in 
h^ngth,  weighing  12.5  pounds.  The  legs  are  connected  at  the  top  by 
iron  wire  with  a  hook  attached  for  suspending  the  liglit  by  a  wire 
loop  at  its  upper  extremity.  Three  iron  rods  hooked  to  two  of  the  legs 
form  an  inclined  rest  for  the  light,  so  that  it  may  hang  in  a  sloping 
direction — not  vertically  downward." 
The  case  is  made  of  six  cylindrical  lengths  of  about  4^^5  each,  fitted 
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end  to  eud,  and  held  by  small  tin  bands  half  an  inch  in  width.  The 
joints  are  soldered.  The  case  is  fiUed  with  composition,  and  has  the 
lower  end  primed  with  mealed  i^owder  and  covered  with  kit  plaster. 

The  method  of  hanging  enables  the  light  to  clear  itself  of  dross  when 
burning.  The  heat  of  the  burning  comj^osition  successively  melts  the 
solder  that  holds  the  segments  together,  allowing  the  empty  ones  to  fall 
to  the  ground,  and  prevents  the  partial  obscuration  of  the  light. 

The  following  i^rinted  directions  are  pasted  upon  the  exterior  of  each 
light: 

This  hglit  must  not  be  roughly  haudlcd  or  thrown  about,  as  it  is  liable  to  be  broken 
across  at  the  junction  of  the  segments.  Care  must  be  taken  in  removing  the  cap  before 
lighting. 

The  case  must  be  grasped  firmly  at  the  capped  end  whilst  the  cap,  is  torn  off  by 
means  of  the  string  loop.  If  there  is  any  difficulty  in  removing  the  cap,  it  must  be 
eased  off  around  the  edge  by  inserting  the  blade  of  a  knife. 

The  lights  are  packed  in  rough  lumber  boxes  containing  three  lights 
each. 

The  lights  sent  to  Sandy  Hook  for  trial  are  known  as  Mark  II,"  and 
w  ere  packed  in  July,  1877. 

2. — WEIGHTS. 

Weight  of  wreck-light  

Weight  of  box  containing  three  (3)  lights  

Time  of  burning,  24  minutes  and  10  seconds. 

XIII. — KOCKET-BOXES. 

These  are  oblong  rectangular  boxes,  beveled  at  the  upper  end  and 
covered  with  tarred  canvas  to  render  them  water-proof  The  beveled  top 
has  a  hinged  lid  fastened  with  a  hasp,  and  has  a  projecting  flap  of  tarred 
canvas  hanging  down  over  the  edges  to  exclude  the  rain  when  carried 
in  driving  storms. 

The  capacity  of  each  box  is  just  sufficient  to  accommodate  one  rocket 
standing  on  end,  without  the  stick.  A  set  of  cross  belts  or  kind  of  har- 
ness enables  the  carrier  to  sling  the  box  upon  his  back  after  the  fashion  of 
a  knapsack.  Four  of  these  boxes  accomi^any  each  set  of  rocket  appa- 
ratus.  The  weight  of  the  emi)ty  box  with  sling-belts  is  9  pounds. 

Xiy. — Method  of  using. 

With  the  apparatus  on  the  ground  where  it  is  to  be  used,  place  the 
rocket-stand  in  position,  giving  the  necessary  elevation  by  means  of  the 
graduated  arc  on  the  side  of  the  trough  and  the  plummet. 

Take  a  Boxer  rocket,  insert  the  stick  through  the  clips  and,  drive  in 
the  clip-pin.  Then  wet  about  12  feet  of  the  end  of  the  line  and  insert 
the  end  through  the  hole  in  the  bottom  of  the  rocket-stick,  carry  it  along 
the  stick  to  the  hole  near  the  upi)er  end,  draw  it  through  and  put  on,  first, 
a  rubber  washer,  and  then  a  brass  one,  and  tie  a  knot  in  the  end,  draw- 
ing the  whole  down  snugly  upon  the  end  of  the  stick.  It  is  better  to  tie 
a  knot  in  the  line  after  passing  it  through  the  hole  in  the  rear  end  of  the 
stick,  so  that  in  case  the  line  burns  off"  between  the  rocket  and  lower  end 
of  the  stick  the  knot  will  catch  and  the  line  still  be  carried  out. 

Kemove  the  paper  cap  on  the  base  of  the  rocket  and  insert  a  fuse. 
Place  the  rocket  and  stick  in  the  trough  of  .the  stand,  sliding  them  to 
the  rear  until  the  base  of  the  rocket  brings  up  against  the  front  end  of 
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the  curved  trough  or  pry -polo.  Put  the  faking-box,  slightly  iucliued  to 
the  front,  in  roar  of  tbe  stand  and  a  little  to  one  side. 

Insert  a  port-fire  in  the  holder  and  ignite  it  with  a  detonating  primer. 
Advance  to  the  stand,  insert  the  port-tire  in  the  opening  on  the  side  op- 
posite to  that  on  which  the  faking-box  and  line  are  i)laced,  light  the 
rocket-fuse,  and  retire  towards  the  rear. 

XY. — Action. 


As  soon  as  the  rocket  composition  is  ignited  and  sufficient  gas  is 
evolved,  the  rocket  starts,  guided  by  the  trough  and  the  rocket-stick. 

After  traversing  a  part  of  its  trajectory,  the  composition  in  the  rear 
cylinder  is  consumed,  the  solid  part  betAveen  the  cylinders  burns  through 
and  sets  fire  to  the  composition  in  the  forward  cylinder,  giving  a  new 
impetus  to  the  rocket  and  prolonging  the  range. 

Note. — The  writer  would  here  acknowledge  his  obligations  to  the 

Treatise  on  Ammunition,  1874,"  by  Maj.  W.  II.  Barlow,  E.  A.,  for  much 
information  in  regard  to  the  English  life-saving  rockets  and  rocket  stores. 

XVI. — Experiments  with  life  saving  apparatus  at  Sandy  Hook,  New  Jersey. 
1. — liecord  of  firings  ivith  Boxer  life-saving  rockets  and  apparatus  (English). 


Boxer,  Mark  IV 

...do  

...do  

...do  

...do  

...do  


Life-saving  rocket. 


12-poimder . 

— do  

...do  

...do   

...do   

...do   


Boxer,  III 

...do   

...do   

...do   

...do   

...do   


Pounds. 
14.  25 
14.  25 
14.  25 
14.  25 
14.  25 
14.  25 


SI 


Pounds. 
17.  41 
17. 41 
17. 41 
17. 41 
17. 41 
17. 41 


Puse,  Mark  I. 
Do. 
Do. 
Do. 
Do. 
Do. 


Shot-line. 


Italian  hemp  

Linen,  W.P  

...do   

...do   

Linen,  W.  P.  ; 
new  lino. 

Hemp  lino,  Rus- 
sian rocket. 


Yds. 
600 

600 


600 
600 
1300 


Good,  but 
burned  off. 
Good  


Knotted  and 
burned  ofi". 

Good,  two 
knots. 

Good,  one 
knot. 

Bad  


Port-fire, 
English. 
...do  .... 


...do  ... 
...do  ... 
...do  ... 
...do  ... 


Yds. 


540 

5111 

125 


Is 


Feet. 


241  R. 
172  L. 
6R. 


O  cS 


Wind. 


Feet. 


121  R. 
126  L. 


IV 
t 

o 


Miles 
perhr. 
35.9 

22.5 

20.0 

18.0 

16.0 

16.0 


^  Note. — The  rocket-lines  u.sed  were  the  Silver  Lakn  Company's  braided  lines,  except  that  used  for 
the  last  round.   This  was  a  Russian  hemp  line,  loosely  "laid  up";  weight,  62  pounds. 
R.  =  Right ;  L.  =  Left;  W.P.  =  Water-proof. 

■  Estimated. 
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2. — Synoptical  transcript  of  notes  from  the  firing  record. 
Boxer  life-saving  rockets  and  apparatus. 


End  of  line  attached  to  rocket  was  left  dry ;  line  burned  off. 

Line  dry ;  burned  off  between  the  knots;  the  second  knot  drew  through  the  hole  in  the 
lower  end  of  the  rocket  stick  when  the  strain  came  upon  the  line. 

End  of  line  wet ;  still  it  was  burned  off  by  the  escaj^ing  flame  from  the  rocket. 

Good  shot;  one  rubber  washer  placed  below  lower  knot  to  prevent  cutting  the  line 
should  the  knot  be  drawn  throujih  the  hole  in  the  lower  end  of  the  rocket  stick  ;  when 
recovered  the  staff  was  found  to  be  broken  and  badly  charred ;  the  velocity  of  the  wind 
at  ordnance  office,  near  the  firing  point,  was,  at  the  beginning  of  the  day's  experiments, 
16  miles  per  hour ;  at  the  close,  14.6  miles  per  hour;  the  direction  was  very  changeable ; 
at  the  last  shot,  the  wind  along  tlie  first  half  of  the  trajectory  was  from  the  left  and 
front,  while  it  was  blowing  from  the  right  and  fiont  in  the  farther  half  at  the  same 
time,  as  shown  by  the  range  flags  that  marked  the  line  of  fire. 

JiTo.  8  linen  water-proof  line  used  (new) ;  fired  from  the  original  coil;  rocket  carried  out 
all  the  line  except  six  coils;  wet  the  line  below  the  end  of  the  rocket-stick ;  the  line 
fouled  once  from  the  coils  catching  on  each  other ;  one  knot  formed ;  the  original  coil 
was  placed  6  feet  to  the  right  of  the  stand  (windward),  inclined  to  the  front  and  backed 
up  by  sand ;  the  knot  was  200  yards  from  the  firing  point ;  line  drifted  badly  after  pass- 
ing the  200-yard  stake,  and  followed  the  drift  of  the  rocket  closely  ;  rocket-stick  charred 
by  flame;  every  coil  drawn  out  put  one  twist  in  line. 

Kussian  rocket-line,  weight,  62  pounds;  line  twisted,  soft  laid  in  original  coil;  many  of 
the  coils  were  loose  and  were  expected  to  kink  and  did  kink  badly;  the  whirl  of  the 
line  caught  the  coil  and  carried  it  bodily  100  yards  down  the  range;  the  second  knot 
was  drawn  down  into  the  lower  end  of  ithe  stick,  splitting  it  nearly  to  the  ferrule ;  the 
rubber  washer  placed  between  the  second  knot  and  tlie  lower  end  of  the  staff  probably 
saved  the  line  trom  being  cut;  the  short  range  is  accounted  for  by  the  resistance  due 
to  carrying  the  whole  coil. 


PART  V. 

Hoopefs  life-saving  rocket  apparatus. 
I.— Hooper's  LiFE-SAvma  rocket. 
(Plate  XI.) 

1. — DESCRIPTION. 

This  rocket  is  a  modification  of  the  Hale  rocket.    The  body  of  the 
rocket  is  cylindrical  in  form,  made  of  sheet  metal  0'M65  thick.  The 
point  of  the  rocket  or  head  is  ogival  in  form,  made  of  wood,  and  has  a 
cylindrical  tenon  V'.l  in  length,  which  is  inserted  into  the  front  end 
of  the  body.    The  head  is  held  in  position  by  several  screws  passing 
throngh  the  rocket-case  into  the  tenon.    The  rear  end  of  the  case  i 
closed  by  a  metallic  base  carrying  a  double  swivel  and  perforated  wit 
five  vents  or  gas  escapes,  each  one  half  an  inch  in  diameter.    On  on 
side  of  these  vents  are  fluted  projections  extending  2".^  towards  th 
rear,  so  curved  as  to  leave  the  opx)osite  sides  open  for  the  unimpede 
escape  of  the  gases  evolved  by  combustion.    The  object  of  this  arrang 
ment  is  to  produce  a  motion  of  rotation  about  the  longer  9;xis  of  th 
rocket,  and  thus  secure  greater  steadiness  of  flight.    This  cast-iron  ba 
Is  held  in  position  by  pins  passing  through  the  case. 

To  the  swivel  is  attached  a  chain  a  little  over  3  feet  long,  to  which  th 
line  is  made  fast.  The  rocket  is  fired  by  breaking  the  paper  coverin 
of  one  or  more  of  the  vents,  and  inserting  a  piece  of  slow  match  an 
igniting  the  outer  end. 
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2. — ri'incipal  dimcrisions  and  weights. 


Length  of  body  

Diameter  of  body..  |  ^^^^^^^'^^l  [["["[i::]] 

C  l\)tal  leu.ii"t'h  

1  Lenjitli  of  ogival  part 
Head  I  Diameter  

Length  of  base  outside  of  case  

Total  lenjjth  of  rocket  

Length  tilled  with  composition  

Diameter  of  vents  

Number  of  vents  

Length  of  chain  and  swivel  

Average  weight  of  rocket  and  chain  


For  further  details  in  regard  to  construction,  action,  and  method  of 
using,  see  Mr.  Hooper's  description  appended  below.  In  that  descrip- 
tion is  included  the  rocket-stand  proposed  by  Mr.  Hooper. 

No  rocket-stand  was  furnished  with  these  rockets,  consequently  the 
weight  of  that  portion  of  the  apparatus  is  unknown. 

In  the  experiment  with  the  Hooper  rockets  made  by  the  writer,  the 
German  rocket-stand  was  used  throughout  the  trial. 

II.— Directions  for  the  use  of  J.  Singleton  Hooper's  life- 

SAVINa  ROCKET  AND  STAND. 

1.  The  elevation  required  for  the  stand  to  be  ascertained  by  means  of 
a  small  quadrant;  25^  wilP carry  the  line  300  yards  with  ease. 

2.  It  is  suggested,  in  order  to  save  time,  that  every  rocket-line  should 
be  spliced  to  a  spring  swivel  that  it  might  at  once  be  attached  to  the  end 
of  the  rocket-chain. 

3.  In  all  cases  three  fathoms  of  the  rocTiet-line  to  he  ivetted  before  being 
attached  to  the  chain. 

4.  Place  the  rocket  in  the  trough  or  stand  with  its  shoulder  against 
the  small  iron  i)rojection  at  its  base,  and  the  chain  hanging  down  through 
the  slot. 

5.  To  fire  the  rocket:  Yv^ith  a  pointed  stick  break  the  oil  paper  cover- 
ing each  of  the  flange  holes,  insert  into  one  of  them  a  slow  match,  light 
and  retire  to  an  angle  of  45°  to  the  rear  of  the  stand. 

J.  S.  HOOPEE,  b.  n. 

(Coijy  of  printed  record.) 

III. — Improvement  in  rockets. 

^ecification  forming  imrt  of  letters  patent  Wo.  19G019,  dated  October  19, 
1877 ;  application  filed  May  22,  1877. 

(Plate  XII.) 

To  all  ivhom  it  may  concern  : 

Be  it  known  that  I,  James  Humi)hrey  Singleton  Hooi^er,  E.  IST.,  of 
Sunny  Croft,  Oroxted  Eoad,  Dulwich,  in  the  county  of  Surrey,  England, 
have  invented  new  and  useful  Improvements  in  Eockets  for  saving  life 
and  other  useful  purposes,  and  in  the  apparatus  used  in  connection 
therewith,  which  improvements  are  fully  set  forth  in  the  following  speci- 
fication, reference  being  had  to  the  accompanying  drawings. 

This  invention  has  reference  to  those  rockets  known  as  the  Hale 
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rocket,"  and  consists  of  improvements  in  the  means  and  apparatus  for 
adapting  such  rockets  to  life  saving  and  other  useful  puri)oses. 

The  object  of  these  improvements  is  to  more  readily  carr^^  out  a  line 
to  a  shipwrecked  or  stranded  vessel  with  certainty,  and  at  any  angle, 
according  to  the  distance  or  height  at  w^hich  it  is  desired  to  throw  the 
rocket,  and  may  be  used  as  a  means  of  communication,  and  for  other 
useful  purposes. 

To  carry  out  my  improvements  I  insert  through  the  center  of  the 
flange  or  tail-i>iece  of  the  Hale  rocket  a  small  iron,  steel,  or  other  metal 
spindle,  with  a  head  to  it,  the  head  being  for  the  purpose  of  resting  on 
a  circular  bearing,  for  the  purpose  of  retaining  the  spindle  in  position, 
made  in  the  interior  of  the  flange  or  tail-piece.  The  action  of  the  spin- 
dle working  in  this  bearing  is  w  hat  I  call  my  first  swiv^el."  To  the 
end  of  this  pin  or  small  spindle,  which  projects  beyond  the  end  of  the 
flange  of  tail-i)iece,  I  attach  a  swivel-bow  or  other  mechanical  equiva- 
lent being  capable  of  rotation,  and  this  I  call  the  second  swivel,"  thus 
making  a  complete  double  swivel,  to  which  is  attached  a  short  length  of 
chain.  The  swivel  and  chain  being  both  clear  of  the  rear  fire  I  can, 
without  burning,  attach  any  description  of  line. 

And  in  order  that  my  said  invention  may  be  properly  understood  and 
carried  into  effect,  I  will  now  proceed  to  describe  the  same,  reference 
being  had  to  the  annexed  drawings  (Plate  XII)  and  to  the  letters  and 
figures  marked  thereon. 

Figure  1  represents  an  external  view  of  rocket  known  as  a  "  Hale 
rocket,"  and  shows  my  improvements  attached  thereto.  Fig.  2  repre- 
sents a  longitudinal  section  of  the  same,  and  shows  more  fully  the  in- 
ternal mechanism  and  my  double  swivel.  Fig.  3  represents  a  trans- 
verse section  of  the  rear  end  of  the  rocket,  taken  on  the  line  A  B.  Fig. 
4  represents  a  transverse  section  through  the  tail-piece  or  rotator  on  the 
line  CD. 

To  carry  out  these  improvements  I  insert  (for  about  half  its  length) 
through  the  center  or  longitudinal  axis  of  the  tail-piece  or  rotator  j  a 
spindle  or  bolt,  n,  with  a  collar  or  head,  o,  at  that  end  of  it  which  is 
within  the  tail-piece  or  rotator  j.  This  tail-piece  or  rotator  is  recessed 
to  receive  the  collar  or  head  of  the  sx)indle  or  bolt  n,  so  that  the  under 
side  of  the  collar,  or  head  o,  bears  against  the  shoulder  pj  formed  by 
the  recess  in  the  tail-piece  or  rotator  j,  by  which  arrangement,  though 
the  si>indle  or  bolt  n  is  retained  in  its  position  in  rotator  J,  and  securely 
held  within  the  same  by  the  collar  or  head  o,  so  that  it  cannot  be  with- 
drawn, yet  it  is  perfectly  free  to  turn  or  rotate  on  its  own  axis  (after  the 
well  known  manner  of  a  journal  in  its  bearing),  and  this  I  call,  from  its 
having  such  a  rotary  action  about  its  axis,  my  ^' first  swivel."  Further, 
to  that  end  of  this  same  spindle  or  bolt  n  which  projects  beyond  the 
tail-piece  or  rotator  I  attach  an  ordinary  swivel-bow  or  shackle,  ^, 
free  to  turn  or  rotate  on  the  aforesaid  bolt  n  but  securely  retained  to 
the  same  by  the  nut  r  on  the  screwed  end  of  the  spindle  or  bolt  n. 
This  nut  is  also  further  secured  from  unscrewing  b}^  the  cross-pin  s 
l^assing  through  the  same. 

The  second  swivel  (bow)  works  on  the  steel  bolt  in  a  recess,  g^,  cut  in 
the  rear  of  tail -piece.  The  swivel  is,  therefore,  safely  protected  from 
the  back  fire  injuring  its  working  faces.  This  last-described  swivel-bow 
g  (or  shackle  free  to  turn  on  its  axis)  I  call  my  second  swivel,"  and  to 
it  is  attached  a  small  length  of  chain,  t,  to  the  end  of  which  is  fastened 
one  end  of  the  roi)e  or  cord  to  be  carried  out. 

It  will  be  seen  by  this  combination  of  i)arts  which  I  have  adopted, 
the  greatest  liberty  is  given  to  the  rocket  to  rotate  on  its  axis  free  from 
any  impeding  action  to  such  rotation  by  the  rope  attached  as  is  experi- 
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enccMl  ill  the  stick-iocket  at  pn^.seut  in  use,  and  to  supersede  which  is 
cue  of  tlie  real  obJe(;ts  of  this  iuveutiou ;  for  in  my  inetliod  the  whole 
of  the  parts,  both  of  the  rocket  proi)er  and  also  the  double  swivel^  as 
well  as  the  chain  itself,  is  e(iually  balanced  about  the  axis  of  rotation, 
and  therefore  these  parts  do  not  impede  the  equal  action  of  rotation, 
nor  tend  to  cause  the  rocket  to  deviate  from  its  true  path  of  flight. 

]]y  the  double  swivel-action  of  my  invention  I  effectually  guard  against 
the  danger  of  one  swivel  not  acting,  for  should  one  of  them  cease  to  act 
there  is  still  the  other  swivel,  which  is  perfectly  capable  of  performing- 
all  that  is  required,  so  that  the  first  or  the  second  swivel  may  severally 
perform,  ax>art  from  any  assistance  from  the  other,  its  proper,  office  of  per- 
mitting the  rocket  to  rotate  without  itself  or  chain  attachment  and  rope 
rotating;  or  they  (the  swivels)  both  may  share  more  or  less  equally  be- 
tween them  their  functions,  thus  insuring  in  my  case  a  perfect  swivel- 
action  between  the  rocket  proper  and  the  rope. 

The  cavity  at  the  back  of  the  head  o  of  the  bolt  7i  is  plugged  with  a 
plug,  Uy  which  i^rotects  the  bolt  from  damage.  This  plug  u  is  made 
parallel,  and  the  head  it^  is  coned,  thereby  diverting  the  fire  into  the 
flange-holes  more  readily,  and  the  shoulder  under  the  head,  in  conjunc- 
tion with  the  tight  fit,  when  resting  on  a  similar  circular  bearing  to  that 
on  which  the  bolt-head  n  rests,  effectually  secures  the  head  of  the  bolt  n 
from  damage  while  the  combustion  of  the  composition  a'  is  going  on  in 
the  case  a  during  the  flight  of  the  rocket,  the  space  between  the  two 
bearings  being  filled  with  tallow. 

Fig.  5  represents  a  side  elevation  of  the  stand  from  which  the  rocket 
is  fired,  and  Fig.  6  the  back  end  view  of  the  same  to  a  larger  scale. 

This  stand  consist  of  two  pieces,  v  and  v',  of  wood,. iron,  or  other  suit- 
able material  (when  of  the  first-mentioned  substance  they  are  covered 
with  thin  sheet-iron),  fastened  together  parallel  to  each  other,  with  their 
upper  surfaces  inclined  to  one  another  about  one  hundred  and  sixty  de- 
grees, or  thereabout.  These  pieces  v  v'  are  connected,  at  three  or  more 
places,  by  semicircular  bands  or  hoops  ^t?,  of  iron  or  other  suitable  mate- 
rial, which  bridge  from  the  ontside  of  one  piece,  i\  to  the  outside  of  the 
other  piece,  v'.  The  near  sides  of  these  pieces,  v  and  v',  are  placed  at  such 
a  distance  apart  that  the  chain  t  and  rope  connected  to  the  tail  of  the 
rocket,  may  be  able  to  freely  pass  between  them  without  any  danger  of 
its  being  caught  by  the  sides. 

The  stand  is  supported  at  the  front  end  by  two  double-jointed  legs, 
with  spikes  at  their  extremities  or  bases,  and  is  supported  at  the  rear 
end  by  two  shorter  legs,  ^,  of  iron  or  other  material.  There  is  a  small 
projection,  z'^  on  one  of  the  pieces  v  and  v',  for  the  rear  end  of  the  rocket 
to  rest  against  when  it  is  fired,  which  is  performed  by  a  slow  match  or 
fuse. 

Another  advantage  of  my  invention  is,  that  the  improvements  adopted 
are  very  light  and  portable,  and  require  but  a  simple  stand  (already 
described)  to  fire  from,  thus  doing  away  with  the  complicated  machinery 
at  present  in  use  with  the  stick  life-saving  "boxer"  or  other  rocket. 

Having  thus  described  the  value  and  object  of  my  said  invention,  I 
claim — 

1.  The  combination,  with  the  Hale  rocket,  of  a  swivel,  to  which  the 
line  is  attached,  secured  to  the  tail-piece  of  said  rocket,  whereby  the 
line  is  carried  without  being  twisted  by  the  rotation  of  the  rocket,  sub- 
stantially as  described. 

2.  The  combination,  with  the  tail-piece  j,  of  the  bolt  ?i,  rotating  freely 
in  said  tail-piece,  and  the  swivel  ^,  secured  to  the  end  of  the  said  bolt, 
constructed  and  arranged  substantially  as  described  and  shown. 
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3.  The  combination,  with  the  tail-piece  j,  of  the  pUig  having  a  coni- 
cal head,  ti^,  for  protecting  the  swivel-bolt  and  diverting  the  fire  into 
the  flange-holes,  constructed  and  arranged  substantially  as  described 
and  shown. 

JAMES  HUMPHEEY  SIN^GLETOT^  HOOPEE. 

Witnesses : 
Geo.  Downing. 
Geo.  Forbes. 

IV. — Experiments  with  Hooper's  life  saving  rockets. 
Experiments  with  life-saving  apparatus  at  Sandy  Hook,  Neav  Jersey. 


1. — Itecord  of  firings  with  the  Hooper  life-saving  rocket. 
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2.— SYNOI'TICAL  TKANSCUIl'T  OF  NOTEvS  FUOM  THE  EIIIING  KECOllI). 
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Itiiliau  luMiip  lino,  Silver  Lake,  No.  7.  Kocket  carried  out  about  300  yards  of  line,  when 
it  burned  oil'  the  line  near  the  chain,  llocket-chain  too  short — len}j;th  37  inches.  Fak- 
in<i-b()x  and  line  placed  at  the  right  of  the  rocket-stand,  and  a  little  in  rear  of  it.  The 
])osition  of  tlie  box  and  line  ai)i)eared  to  change  the  direction  of  the  rocket  about  20° 
to  the  left  of  tlie  lin(*  of  fire.  The  line  ran  out  beautifully  until  burned  olf,  300  yards 
away.    No  stand  furnished  with  the  Hooper  rockets ;  had  to  use  the  German  stand. 

Same  line,  in  coils,  hiiulcHl  in  liand-over-hand.  Line  broke ;  probably  fouled  in  the  coUa 
and  cut  by  drawing  thiough.  Action  of  rocket  good,  llange  of  rocket  over  700  yards 
at  least. 

No.  7  line.    Line  cut  by  sharp  coi'ners  on  logs  of  stand.    Rocket  carried  away  a  piece  of 

the  line.    Range  unknown.    Rocket  burst  in  the  air  beyond  the  400-yard  stake. 
No.  7  hemi>  line.    Wet  10  feet  of  the  line.    Range  17.5  yards ;  deviation  of  rocket  to  left 

of  line  of  lire  42  feet.    Rocket  exploded,  blew  out  front  end  of  the  rocket,  and  dropped 

to  the  gi  ound  as  soon  as  t  he  ex])losion  took  place. 
Same  line  hauled  in  liand-over-hand.    Rocket  blew  up  in  the  trougb  of  the  rocket-stand. 

Head  blew  out  and  locket  fell  backward  out  of  the  stand. 
Same  line.    Jioclvet  explodtnl  in  the  aii- 150  yards  from  firing  point;  carried  off  piece  of 

line ;  coils  caught.    Line  cut  by  drawing  through  the  coils.    Range  280  yards.  The 

line  lay  in  loose  coils  as  hauled  in. 
No  line ;  rocket  exv)loded  in  the  air. 

No  line  used  from  this  time  until  end  of  experiments  with  this  rocket.    Rocket  burst 

in  the  air  1^  seconds  from  instant  of  leaving  trough. 
Exploded  in  IJ  seconds  after  leaving  trough. 

Exploded  in  the  trough  J  second  after  composition  was  lighted.  The  breech  was  blown 
out  and  the  rocket-case  ruptured  from  end  to  end.  Gas  and  sand  blown  in  face  of 
firer,  who  had  a  narrow  escape  from  being  seriously  injured. 

Long  trains  of  quick  match  used  from  this  time  out  to  enable  firer  to  reach  a  safe  dis- 
tance. Rocket  exploded  about  300  yards  out.  Flight  of  rocket  regular  until  it  burst. 
Time  lost. 

Rocket  exploded  20  yards  in  front  of  stand. 
Rocket  exploded  in  the  air. 

Fired  out  to  sea ;  good  range.   Rocket  did  not  explode. 

Burst  immediately  in  front  of  stand. 

Rocket  burst  200  yards  out. 

Burst  short  distance  in  front  of  stand. 

Burst  20  yards  in  front  of  stand. 

Rocket  burst  30  yards  in  front  of  stand. 

Rocket  exploded  in  front  of  stand. 

Same  remark. 

Rocket  exploded  50  yards  in  front. 
Rocket  exploded  in  the  air. 
Rocket  exploded  in  the  air. 


PART  YI. 
Conclusion. 

I. — EECAriTULATION  OF  WEIGHTS. 
1. — Russian  life-saving  rocket  apparatus. 

Pounds.  Kilos. 

Weiglit  of  rocket  and  stick  2.5.  5  11.  56 

Weight  of  rocket-stand                                                                39.0  17.69 

Weiglit  of  rocket-chain                                                                 4.  625  2. 19 

AVeight  of  portfire  handle  5625  0. 25 

Total  weight   69.  6875         31. 69 


2. — 5"'^  German  life-saving  rocket  apparatus. 

Pounds.  Kilos. 


Weight  5      rocket                                                                          10.  4.  53 

Weight  of  rocket  stick  and  chain                                                      5. 5  2.  49 

Weight  of  rocket-stand                                                                    35.  15.  98 

Weight  of  firing-staff                                                                      2.  0.91 


Total  weight   52.  5         23. 91 
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3. — 8<"'"  German  life-saving  rocJcet  appayatus. 


Pounds.  Kilos. 

Weight  of  8'  '»  rocket                                                                     35.  0  15.  98 

Weiglit  of  rocket  stick  and  chain                                                      7.25  .3.  21> 

Weight  of  rocket-stand                                                                  35.  15  98 

Weight  of  firing-stair                                                                      2.  0.  91 


Total  weight                                                                     79.25  36.16 

4^^3cin  Gennan  anchor-rocl-et  apparatus. 

Pounds.  Kilos. 

Weight  of  S'-"!  anchor  rocket                                                          37.  375  16.  95 

Weight  of  rocket  stick  and  chain                                                    9.  4.  08 

Weight  of  rocket-stand                                                                 3,5.  15.98 

Weight  of  firing-staff   2.  4  0.91 


Total  weight                                                                    83.375  37.92: 

5. — English  life-saving  rocket  apparatus. 

Pounds.  Kilos. 

Weight  of  rocket                                                                        14. 25  6. 46 

Weight  of  rocket- stick                                                                     3.16  1.43 

Weight  of  rocket-stand                                                                30.  13.  60 

Weight  of  rocket  carrying-box                                                       9.  4.08 


Total  weight                                                                     56.  41  25.  .57 

6. — Hooper  life-saving  rocket  system. 

Pounds.  Kilos. 

Weight  of  rocket  and  chain                                                           19. 25  8.  73 


The  other  weights  in  this  system  are  unknown. 

A  glance  at  the  above  figures  will  show  that  the  great  advantage  of 
rocket  systems  lies  in  their  small  weight  and  extreme  portability. 

The  faking  boxes  and  lines  have  been  omitted  in  the  above  compari- 
son, as  their  weights  would  dilfer  but  little  from  each  other  in  the  sev- 
eral services,  provided  the  same  size  faking-line  was  used. 

II. — EUSSIAN  ROCKET  APPARATUS. 

The  Kussian  system  is  the  most  unwieldy  rocket  ajjparatus  that  was 
tried.  The  stand  is  inconvenient  to  handle.  The  tube  from  its  form  is 
liable  to  be  collapsed  and  disabled.  The  manner  of  attaching  the  chain 
to  the  line  is  objectionable,  as  it  increases  the  weight  of  line  (already  a 
heavy  one,  62  pounds)  and  faking-box.  The  chains  must  be  spliced  to 
the  lines  in  advance  and  kept  ready  for  use.  Again,  the  sudden  jerk 
upon  the  chain  as  the  hook  on  the  rocket-stick  picks  it  up  is  very  apt 
to  break  the  chain,  made,  as  it  necessarily  is,  of  a  rigid  material.  The 
rockets  themselves  were  very  unsatisfactory,  nearly  all  of  them  exploding. 
In  general  the  case  obtained  relief  from  the  pressure  of  the  imprisoned 
gas  by  blowing  out  the  base.  The  great  number  of  vents  surrounding^ 
the  screw-hole  in  the  base  weakens  this  part  by  diminishing  the  thick- 
ness of  the  walls  between  the  holes.  The  rupture  usually  took  place 
through  these  vent  partitions. 

The  firing  record  shows  that  this  system  is  unreliable. 

III. — The  German  rocket  apparatus. 

Kone  of  these  rockets  failed  and  the  ranges  obtained  are  good.  The 
drift  of  the  rocket  from  the  plane  of  fire,  due  to  the  influence  of  the 
wind,  is  very  marked.  This  is  to  be  expected  in  any  class  of  projectiles 
that  are  growing  lighter  all  the  time  while  describing  their  trajectories. 
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The  effect  of  tlie  wind  will  generally  be  more  noticeable  in  the  falling  • 
branch  of  the  trajec^tory  when  the  corriposition  is  nearly  or  quite  burned 
out  and  the  rocket  is  rapidly  losing  its  velocity. 

The  whole  of  the  (Jennan  apparatus  bears  evidences  of  that  careful 
Avorknninshii>  and  i)ainstaking  in  details  which  characterize  their  fabri- 
cations.   ]<jvery  part  is  substantial  and  is  made  of  the  best  material. 

The  (iiuinan  rocket-stand  gave  universal  satisfaction,  and  was  the 
favorite  among  the  surfmen.  These  rockets  are  very  expensive,  and 
would  make  ordinary  practice  drills  very  costly  affairs.  Thi  cost  of  the 
rockets  is  as  follows : 

5'""  life-saving  rocket   $3. 60  • 

8^*"  life-saving  rocket   5. 80 

8'"'  anchor  rocket      24. 24 

It  will  be  seen  from  the  above  prices  what  would  be  the  cost  of  a  sin- 
gle shot  with  either  of  the  rockets,  forming  quite  a  contrast  with  the 
ordinary  practice  shots  in  the  United  States  life-saving  service,  which 
cost  less  than  seven  (7)  cents  each. 

In  the  latter  service  old  lines  may  be  used  for  practice  with  light 
charges.  In  the  case  of  rockets,  where  the  charges  cannot  be  reduced 
at  will,  good  lines  must  be  used  for  the  exercises,  as  old  or  w  orn  lines 
would  be  continually  breaking. 

It  has  been  recommended  that  the  German  rockets  be  still  further 
tested,  which  w  ill  be  done  at  an  early  date.  The  German  rockets  being 
so  strong  and  well  made  have  inspired  greater  confidence  in  the  surf- 
men  of  the  upper  Jersey  coast  than  any  of  the  other  rockets.  And 
even  with  these  they  prefer  to  insure  safety  by  retiring  to  a  distance 
after  igniting  the  fuse. 


ly. — English  eocket  apparatus. 


The  Boxer  rocket  is  so  well  known  as  to  require  no  special  mention 
of  its  peculiarities.  Like  all  rockets  it  is  somewhat  erratic  in  its  flight, 
and  the  more  so  probably  from  the  position  of  its  stick  upon  the  side.  It 
has  grave  disadvantages  in  this,  that  should  it,  by  the  wind  or  from  any 
other  cause,  veer  slightly  from  its  original  direction  when  the  second 
rocket  in  front  ignites,  it  gives  an  impulse  entirely  in  the  wrong  direction. 
Plate  XIII  shows  the  eftect  on  two  Boxer  rockets  arising  from  winds 
blowing  from  right  to  left.  In  the  first  case  the  rocket  ran  up  into  the 
eye  of  the  wind,"  in  the  second  the  rocket  and  line  floated  off  bodily  to 
the  left  with  the  wind.  This  apparatus  appears  to  be  too  complicated. 
Too  many  detonating  primers,  fuses,  portfires,  holders,  boxes,  tin  cylin- 
ders, washers,  and  clip-pins  to  suit  life-saving  crews  along  our  coast. 
As  one  surfman  aptly  remarked  while  working  with  it,  "  there  is  too 
much  tender  work  about  this  thing."  There  is  yet  trouble  in  fixing  the 
sticks  to  the  rockets,  though  the  clip-pin  holes  have  been  placed  in  front 
of  the  clip. 

English  officers  have  found  fault  with  the  keeping  qualities  of  these 
rockets.  The  effect  of  storage  on  those  at  Sandy  Hook  will  be  rendered 
apparent  at  the  next  inspection  and  trial. 

Y. — Hooper  LirE-sAvma  rockets. 

These  rockets  failed  very  badly.  Nearly  all  of  them  exploded,  some 
of  them  before  leaving  the  trough  of  the  rocket-stand.  Several  of  these 
were  very  dangerous.    Captain  Patterson  was  slightly  injured  by  the 
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explosion  of  one  of  these  rockets.  After  that  the  men  all  retired  to 
bomb-proofs,  and  the  rockets  were  fired  by  trains  of  quick  match. 

The  heads  blew  out  frequently,  but  occasionally  one  was  ruptured  lon- 
gitudinally.   The  chain  is  too  short,  allowing  the  line  to  be  burned  off. 

These  rockets  appear  to  be  very  carelesslj^  manufactured. 

VI. — General  remarks.  ^ 

These  trials  have  shown  that  life-saving  rockets  should  not  be  handled 
by  persons  unacquainted  with  the  necessity  for  avoiding  jars  and  shocks. 
If,  in  transportation,  the  packing-boxes  are  roughly  treated,  the  shocks 
communicated  to  the  rockets  cause  more  or  less  vibration,  and  gradually 
loosen  the  case  from  the  composition.  This  effect  is  hastened  by  changes 
of  temperature  expanding  and  contracting  the  metal  cases. 

As  soon  as  the  composition  gets  a  little  loose  in  the  case,  cracks  are 
liable  to  be  found  extending  from  the  ftore  to  the  case.  These  openings 
allow  the  fire  to  penetrate  between  the  rocket-case  and  composition  en- 
veloping the  latter  in  flames,  and  setting  free  an  amount  of  gas  which 
the  case  is  unable  to  sustain.  With  this  violent  pressure  it  is  not 
strange  that  many  of  the  rockets  should  burst  explosively. 

The  Liability  to  injury  from  corrosion  where  exposed  to  the  moist  sea 
air  is  always  present,  no  matter  what  rocket  system  be  used. 

In  short  it  may  be  said  that  with  rockets  one  never  knows  what  may 
happen,  nor  where  they  will  go  when  fired. 
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DESCRIPTION  OF  A  NEW  METHOD  OF  FASTENING  FAKING-BOXES  FOR  THE 

LIFE-SAVING  SERVICE, 

BY  LIEUT.  D.  A.  LYLE,  ORDNANCE  DEPARTMENT. 

(Que  plate.) 
Plate  I. 

The  method  of  fastening  in  use  in  the  United  States  life-saving  service 
prior  to  1879  was  simply  two  staples  and  a  hook.  In  transportation  the 
hooks  were  liable  to  drop  out  of  the  engaging-staple  on  the  box  and  per- 
mit the  frame  cariying  the  faking-pins  and  shot-line  to  fall  to  the  ground 
and  the  line  to  become  entangled. 

VMiile  exi>erimenting  with  life-saving  apparatus  during  the  years 
1877-78,  Lieut.  D.  A.  Lyle,  Ordnance  Department,  U.  S.  A.,  contrived 
a  metallic  hasp  and  turn-button  to  replace  the  old  hook  and  staple.  In 
his  report  of  1878  he  says : 

Hasps  and  turn -buttons  were  tried  on  the  experimental  boxes  ;  tliese,  though  safe, 
sometimes  gave  trouble  in  getting  ready  for  firing  when  in  great  haste,  and  the  button 
being  on  the  box,  it  was  thought  to  give  an  opportunity  for  the  line  when  vibrating 
or  whipping  to  catch  and  be  cut  off. 

In  view  of  these  serious  disadvantages,  Lieutenant  Lyle  devised  the 
fastening  described  in  this  paper,  and  recommended  that  ^'  hasps,  sta- 
ples, and  lever  snap-hooks  "  be  tried.* 

The  new  fastening  was  submitted  to  Capt.  J.  H.  Merry  man,  U.  S.  R. 
M.,  Inspector,  and  S.  1.  Kimball,  general  superintendent  of  the  life-sav- 
ing service. 

The  new  method  was  adopted,  and  all  faking-boxes  manufactured  since 
November,  1878,  have  been  supplied  with  the  improved  fastening. 

DESCRIPTION. 

The  system  consists  of  three  staples,  a  hasp,  ring,  safety-chain,  and 
lever  snap-hook.. 

The  lever  snap-hooks  are  made  of  malleable  iron ;  the  two  large  sta- 
ples and  hasp  of  wrought  iron  5  the  small  staple,  ring,  and  safety-chain, 
of  brass.   The  whole  are  tinned,  to  protect  them  from  the  effects  of  rust. 

The  only  thing  attached  to  the  box  is  one  of  the  large  staples ;  conse- 
quently there  is  nothing  on  the  faking-box  that  can  interfere  with  or  in- 
jure the  line  so  far  as  tlie  fastening  is  concerned. 

The  other  parts  are  all  attached  to  the  "  frame,'*  and  are  removed  with 
it  when  preparing  for  firing. 

The  safety-chain  is  that  used  by  plumbers  for  attaching  the  stoppers 
of  the  fexit  tubes  of  bath-tubs  and  stationary  wash-basins  to  their  fix- 
tures.  It  is  purchased  by  the  "  piece,''*  and  cut  into  the  required  lengths. 

*  FttZe  Report  on  Life-saving  Ordnance,  &c.,  by  Lieut.  D.  A.  Lyle,  Ordnance  De- 
partment, U.  S.  A.,  1878,  p.  28.  Also  Annual  Report  of  Chief  of  Ordnance,  U.  S.  A., 
1878,  p.  202  ;  and  Annual  Report  of  Ox)erationH  of  the  Life-saving  Service,  by  S.  I.  Kim- 
ball, General  Superintendent,  1878,  p.  244. 

*  A  "  piece  "  is  twelve  feet  in  length. 
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The  lever  snap-hooks  are  known  to  the  trade  as  ''Andrew's  patent 
lock-snaps,  f-inch,  No.  10,"  and  ai-e  manufactured  by  O.  B.  North  &  Com- 
pany, of  New  Haven,  Conn.  These  snai)s  are  put  up  in  boxes  contain- 
ing "  one-half  gross  "  each. 

The  operation  of  the  lever  snap  is  very  simple.  The  mere  act  of  hook- 
ing the  snap  in  the  staple  compresses  the  sj^ring,  raises  the  bent  end  of 
the  lever,  allows  the  staple  to  pass  within  the  hook  when  the  elastic 
force  of  the  spring  closes  the  snap,  and  locks  it. 

To  remove  the  hook  from  the  staple,  seize  the  looped  end  with  the 
thumb  and  index  finger,  and  press  them  together.  This  action  will  de- 
press the  end  of  the  lever  on  the  opposite  side  of  the  fulcrum  from  the 
hook  and  uidock  the  snap  so  that  it  can  be  withdrawn  from  the  staple. 
These  lock-snaps  were  intended  for  the  use  of  harness  makers,  and  hence 
the  lengthened  slot  at  the  end  opposite  the  hook — which  was  made  for 
the  attachment  of  a  strap  or  rein  of  a  given  width.  This  length  of  slot 
is  unnecessary  as  regards  the  convenience  of  fastening  the  safety-chain 
and  snap-hook  together,  but  serves  a  most  useful  purpose  in  the  life- 
saving  service. 

The  excess  of  length  of  slot  necessitates  a  corresponding  amplitude  of 
the  rear  end  of  the  hook,  and  allows  a  much  wider  cavity  for  the  play  of 
the  rear  end  of  the  bent  lever.  It  also  admits  of  this  end  of  the  lever 
being  made  spatula-shaped. 

The  size  of  the  cavity  and  end  of  lever  arc  such  that  the  snap  may  be 
unlocked  with  ease  by  the  surfman,  no  matter  how  large  his  thumb  may 
be  or  how  thick  tJie  gloves  or  mittens  that  he  is  wearing. 

This  is  a  point  of  great  importance,  as  the  surfman  can  manipulate 
this  portion  of  the  apparatus  in  the  coldest  weather  without  removing 
bis  hand-covering. 

Dimensiavs. 


Hasp,  total  length  

Length  of  rectangular  part  

-r,,.. , S  Lower  end  

^'^^^  Upper  end  

Thickness  

Hole  for  staple  in  frame. .  ^  gl^^^J^J'^Y'centerlrom'w^^ 

C  Length  

Slot  for  staple  on  box  <  Width  

(  Distance  of  upper  end  of  slot  from  lower  end  of  hasp 

Length  of  lower  end,  bent  

Amount  of  deflection  

I  Length  

staple  for  frame  <  Thickness  

(  Distance  between  legs  

(  Length  

staple  for  faking-box  <  Thickness  

(  Distance  between  legs  

f  Length  

staple  for  safety-ch.iin. . .  <  Thickness  

t  Distance  between  legs  

Ts..occ^;„r,  (  Exterior  diameter  

^^^^^^^S   Diameter  of  wire  


(  Length 


Safety-chain  i  Width  of  links  

(  Thickness  of  links  c  

C  Total  length   

Snap-hook  <  Width  of  body  

(  Distance  between  point  of  hook  and  body 


English. 

French. 

Inches. 

Centimeters, 

3.4 

8.  636 

2.8 

7. 112 

0.  75 

1.  905 

0..50 

L27 

0. 125 

0.  3175 

0.  25 

0.  635 

0.  375 

0.  9'S25 

1.  20 

3.  048 

0.  20 

0.508 

2.  75 

6.  985 

L15 

2.  921 

0.  JO 

0.  762 

L  60 

4.064 

0. 15 

0.381 

0.  30 

0.762 

1.  40 

3.  558 

0. 15 

0.  381 

0.40 

L  016 

0.  70 

L778 

0.  05 

0. 127 

0. 15 

0.  381 

0.  60 

1.  524 

0. 10 

0.254 

3.00 

7.62 

0.20 

0.508 

0.05 

0.127 

2.  55 

6.  477 

0.  45 

1. 143 

0.  45 

1. 143 
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EXPLANATION  OF  PLATE, 
Plate  I. 

Fig.   1. — End  elevation  of  faking-box,  showing  manner  of  faHteuiiig  and  the  ''yellow 

metal"  angle-pieces  on  the  corners  of  the  box. 
Fig.  2. — Side  elevation  ot  hasp  and  large  staples. 
FiO.  3. — Front  and  side  view  of  hasp,  before  curving. 
Tig.  4. — Front  and  side  view  of  hasp,  after  curving. 
Fig.  5. — Front  and  side  view  of  staple  for  "frame." 
Fig.  6. — Front  and  side  view  of  staple  for  end  of  faking-box. 
Fjg.  7. — Plan  and  elevation  of  safety-chain. 

Fig.  8. — Plan  and  elevation  of  brass  ring  for  connecting  snap-hook  and  chain. 
Fig.  9. — Front  and  side  riew  of  small  staple  for  attaching  safety-chain  to  "frame." 
ViQ.  10. — Plan  of  snap-hook,  and  partial  section  and  side  elevation,  showing  spring 
and  bent  lever 
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DESCRIPTIVE  REPORT  ON  TWO  GALVANIZED  SHEET-IRON  FAKING-BOXES 
DESIGNED  FOR  THE  LIFE-SAVING  SERVICE. 

BY  LIEUT.  D.  A.  LYLE,  ORDNANCE  DEPARTMENT. 

(Two  plates.) 

It  has  been  found  that  the  term  of  service  of  a  wooden  faking-box  is 
very  short.  The  vibrations  of  the  line,  when  the  full  charge  of  powder 
is  used,  are  so  violent  that  the  ends  of  the  box  are  often  split,  and 
sometimes  the  sides  and  top. 

It  was  for  the  purpose  of  preventing  this  splitting  that  angle  pieces 
of  east  brass  were  placed  upon  the  four  corners.  Though  this  method 
of  construction  has  remedied  the  defect  to  a  certain  extent,  it  has  not 
fully  obviated  it.  To  secure  the  necessary  lightness  of  the  box,  it  was 
requisite  that  it  be  made  of  light  wood,  and  that  the  material  be  very 
thin,  consequently  the  box  is  quite  fragile. 

If  a  material  can  be  obtained  that  will  possess  a  greater  degree  of 
durabihty  than  one  made  of  wood,  and  weigh  no  more  than  the  latter, 
that  material  should  be  adopted,  provided  the  cost  of  manufacture  be 
reasonable. 

The  experimental  faking  boxes  described  below  were  designed  to 
meet  the  demands  of  the  life-saving  service  for  a  stronger  faking-box, 
without  increasing  the  size,  weight,  or  cost. 

EXPERIIVIENTAL  FAKING-BOX  A. 

Plate  I. 

DESCRIPTION. 

This  faking-box  is  made  of  ^^]N"o.  24"  galvanized  sheet-iron.  Its  in- 
ternal dimensions  are  the  same  as  those  of  the  regulation  box.  It  is 
intended  to  be  used  in  connection  with  the  wooden  frame  and  faking- 
pins  now  in  service.   The  seams  are  at  the  corners  and  are  soldered. 

The  edge  of  the  box  is  stiffened  by  an  iron  wire,  two-tenths  of  an 
inch  in  diameter,  over  which  the  sides  and  ends  of  the  box  are  rolled. 

Wire  handles  supplant  the  rope  handles  of  the  old  box  and  are  fas- 
tened to  the  box  by  sheet-iron  strajis,  each  held  by  two  rivets. 

A  small  looped  strap  of  iron  at  each  end  of  the  box  replaces  the  sta- 
ples of  the  wooden  box. 

^^5 
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Dimensions^  weU/ht,  ^c. 


Inches. 


Interior  dimensions. 


}  Width . 
(Depth  . 

Thiclvnoss  of  slieet-iron  

Diameter  of  perimeter  wire.  

Two  btraps  for  handles     ^  I-^'n^rth 


.  Width 

(  Leiifith,  interior  . . 
<  Width,  interior  ... 
i  DiaiTH't^-  of  wii-e . 

Total  length  

Width  

Width  of  loop  

[  Diiimet*>r  of  wire  . 

Distance  from  edge  to  npper  side  of  loop  

Distance  of  handle  from  ed^e  of  boi  


Two  handles,  wire-loopa . 


Two  looped  straps  (ends) . 


Weight  of  box,  without  frame  or  pins 


34,  9 

88.  644 

18.  8 

47.  751 

12.  2 

30.  9;}7 

02 

0.  0508 

'.20 

0.  508 

2.00 

5.  08 

L25 

3. 17r. 

4.  60 

11.684 

2.  80 

7. 112 

0.  25 

0.  ear, 

3.  75 

9.  525 

0.  40 

1.016 

0.  40 

1.  ok; 

0. 15 

0.  381 

2.6 

G.604 

7.§ 

17. 780 

Pounds. 

Kilograni.-j. 

17.5 

7.  932 

The  (limeiisioris  of  the  frame,  false  bottom,  pins,  &c.,  are  the  same  as 
those  ill  the  service  box. 

The  outside  of  the  sheet-iron  faking-hox  is  painted  in  the  usual  man- 
ner. 

COMPARISON  OF  WEIGHTS. 


The  following  table  gives  the  weights  of  a  number  of  wooden  faking- 
boxes,  size  A,  made  at  the  I^atioiial  Armory  in  July,  1880.  The  timber 
for  these  boxes  was  well  seasoned  and  had  laid  in  a  warm,  dry  room  for 
several  months  before  the  articles  were  made.  It  was  perfectly  dry,  and 
it  is  evident  that  the  boxes  had  their  minimum  weight. 


Table  I. 


Ifo.  of  box. 


Weight. 


Founds. 
20.  50 

20.  25 

21.  00 
19.  75 
21.  50 
19.50 
21.  00 
21.  25 
21.  25 


10 

I  n 

i  32 
13 
14 
15 
16  , 
17 
18 


No.  of  box. 


Weight 


Pounds. 

20.  75 

21.  00 
20.  25 
20.  50 
21.75 
20.  75 
20.25 

20.  50 

21.  25 


No,  of  box. 


Weight. 


Pounds. 
20.  25 
20.  25 

20.  oa 

20.  50 
22.00 
20.5" 
21.0' 


Pound 

Total  weight  of  25  boxes  (wood)   517. 

^    ^0 

Weight  of  iron  box   17. 

Difference  in  favor  of  iron  box , 


Experimental  faking-box  B. 


Plate  II. 


■J  he  box  is  similar  in  construction  to  the  one  i»ieviou.^]y  described,  but 
•>«  smaller,  and  ccnfoims  in  size  to  the  small  faking-box  (B)  now  used. 

The  material  is  ^o.  27,  galvanized  sheet-iion.  It  also  is  painted  ii 
service  colors. 
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Interior  dimensions. 


(  Longth 
<  Width  . 
(  Depth  . 


Thick n<'88  of  8h<wt-iron 
Diameter  of  perimeter  wiro  

2  straps  for  handles  i  Wi"uh^ 


2  handles,  wire  loops . 


i  heu^th,  interior. . 
.  <  Width,  interior.  . 
(  Diameter  of  wire 
I  Total  length  

21ooped  straps  ]  WUul;  ofloop  l!: 

1  JJiameter  of  wire 

Distance  from  odp;e  to  upper  side  of  loop  

Distance  of  handle  from  edee  of  box  


"Weight  of  box,  without  fiame  and  pins . 


luches. 



Contimo- 
tens. 



22.  8 

57  911 

14  8 

37  591 

12  2 

30  937 

0. 16 

0.  406 

0  20 

0  50B 

2  40 

6  096 

1.  25 

3. 17a 

4!  00 

10!  160 

2.  25 

5.715 

0.25 

.635 

3.  75 

9.  525 

0.  40 

1.  016 

0.  40 

I.OIG 

0. 15 

0.  381 

2.60 

6.  604 

7.00 

17.  780 

Pounds. 

Kilograms. 

10.0 

4.536 

COMPARISON  OF  WEIGHTS. 


The  25  woodeu  boxes,  size  B,  were  made  from  tlie  same  lot  of  lumber 
and  at  the  same  time  as  those  given  in  Table  I. 


Table  II. 


Number  of  box. 

Weight. 

Number  of  box. 

Weight. 

Number  of  box. 

Weight. 

1  

Pounds. 
14.  75 
14. 75 
14.  75 
14.  25 
15.50 
14.  00 
14.  75 
14.  25 
14.  75 

10  

Pounds. 
15.00 
15.00 
15.  25 
14.  75 
14.25 

13.  75 
14.00 

14.  25 
15.25 

19  

Pounds. 
14.  00 
14.  75 
14.  75 
14.50 

14.  75 

15.  00 
15.00 

2  

i  11  

20  

a  

1  12  

21  

4  

1  13  

22  

ft  

;  14  

23  

6  

15  

24  

7  

16  

25  

8  

17  

9  

18  

Pounds. 
.     366. 0- 


Total  weight  of  25  boxes  (wood)  •.  

Mean  . .    14. 64 

Weight  of  iron  box   10.  00^ 

Difference  in  favor  of  iron  box   4.  64 


COST. 


The  cost  of  manufacture  is  a  little  less  than  the  cost  of  the  woodeia 
fakiug-boxes  of  the  same  size. 
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UNITED  STATES  TESTING-MACHINE. 
[House  Ex.  Doc.  No.  74. — 46th  Congress,  2d  session.] 

Message  from  the  President  of  the  United  States  transmitting  papers  in  the 

case  of  A.  H.  Emery. 

Executive  Mansion, 
Washington,  D.  C,  April  W,  1880. 

To  the  House  of  Fepresentatives  : 

The  Board  for  Testing  Iron,  Steel,  and  other  metals,  appointed  under 
the  authority  of  "An  act  making-  appropriations  for  sundry  civil  ex- 
penses of  the  government  for  the  fiscal  year  ending  June  30,  1876,  and 
for  other  purposes,"  contracted  with  Mr.  A.  H.  Emery,  of  ^ew  York,  for 
a  testing-machine,  to  be  paid  for  out  of  the  appropriation  made  for  the 
purpose.  That  machine  has  been  completed  and  accepted,  and  is  now 
in  position  at  the  Watertown  Arsenal,  Massachusetts.  It  is  spoken  of 
by  the  members  composing  the  late  board  as  the  most  perfect  and  reli- 
able machine  in  the  AVorUl,  embodying  new  mechanical  principles  and 
combinations  not  heretofore  used  in  any  other  constructions. 

In  designing,  perfecting,  and  making  this  machine,  the  contractor  has 
expended  large  sums  of  money  over  and  above  the  contract  price,  be- 
sides giving  years  of  labor  for  which  he  has  received  no  compensation. 
He  now  appeals  to  Congress  for  relief,  and  the  papers  herewith  exhibit 
a  case  that,  calls  for  Congressional  action.  It  is  respectfully  submitted 
to  the  House  of  Representatives,  recommending  speedy  and  favorable 
consideration. 

R.  B.  HAYES. 


War  Department, 
Washington  Gity,  April  14,  1880. 
Sir  :  I  have  the  honor  to  return  the  papers  in  the  claim  of  Mr.  A.  H. 
Emery. 

These  papers  have  been  referred  to  the  Chief  of  Ordnance,  and  your 
attention  is  invited  to  his  indorsment,  and  to  that  of  Colonel  Laidley, 
president  of  the  late  Board  on  Steel  and  Iron,  as  well  as  to  the  views  of 
some  of  the  members  of  the  board. 

This  is  a  case  that  calls  for  Congressional  action.  These  papers  show 
that  it  is  one  deserving  favorable  consideration. 

The  country  is  now  in  possession  of  the  most  perfect  testing-machine 
in  the  world.  The  use  of  metals  in  all  kinds  of  constructions,  both  pri- 
vate and  public,  demands  so  accurate  a  knowledge  of  their  qualities  as 
can  only  be  determined  by  just  such  a  machine  as  this,  and  its  determi- 
nations will  be  of  the  greatest  value  to  one  of  the  most  extensive  indus- 
tries in  which  our  people  are  engaged. 

It  appears  to  me  that  liberal  action  on  the  part  of  Congress  towards 
one  of  our  own  citizens  who  has  lost  so  much  in  faithfully  carrying  out 
his  contract,  would  be  but  proper  and  equitable. 
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Colonel  Laidley  and  other  members  of  the  board,  who  are  thorouglily 
cognizant  of  all  the  facts,  name  $-0(),()(U)  as  not  excessive,  "or  more- 
than  snfiicient  to  pay  the  contractor  for  his  unusual  devotion  to  the 
interests  of  the  government." 

I  respectlnlly  recommend  reference  of  these  papers  to  Congress  with 
re(iuest  for  speedy  and  favorable  action. 

Yerv  respectfullv,  vour  obedient  servant, 

ALP^X.  KAMSEY, 

Secretary  of  \Var. 

The  President. 


Washington,  D.  C,  March  27,  1880. 
The  President  o  f  the  United  States  : 

Sir  :  I  desire  to  ca^\  your  attention  to  the  letter  of  the  president  of 
the  Board  for  Testing  Iron  and  Steel  of  date  February  10, 1878,  and  ad- 
dressed to  you,  recommending  Congress  to  ai)i>roi)riate  moneys  to  reim- 
burse A.  H.  Emery  for  losses  on  his  contract  for  the  testing-machine 
built  by  him  for  the  government,  and  1  inclose  herewith  additional  i)a- 
pers,  bearing  on  the  subject,  for  such  reference  and  action  as  you  may 
deem  proi)er. 

Very  respectfullv,  your  obedient  servant, 

A.  H.  EMERY. 


Memorial  in  claim  of  A.  H.  Emery  for  loss^  allowance^  and  use  of  patents 
in  constructing  testing -machine. 

In  the  matter  of  the  claim  of  A.  H.  Emery  against  the  United  States 

Government. 

Washington,  D.  C,  ss  : 

A.  H.  Emery,  being  duly  sworn,  deposes  and  says  that  he  is  a  civil  en- 
gineer, of  the  city  of  New  York,  and  that  he  has  for  the  past  28  years 
been  engaged  in  the  study  and  practice  of  civil  engineering,  and  most 
of  this  time  engaged  in  such  experimental  work  as  gave  him  a  much 
better  training  to  design  and  construct  new  and  dithcult  work  than 
that  of  most  engineers  of  his  age,  or  equal  length  of  practice  ;  said  de- 
ponent further  states  that  on  July  24, 1873,  after  he  had  spent  more  than 
two  years  in  the  study  and  ex])erimental  develoi)njent  of  a  new  weigh- 
ing-machine, and  the  study  and  design  of  testing-machines,  the  Ordnance 
Department  of  the  United  Staters  requested  him  to  furnish  it  w  ith  de- 
tailed drawings  and  description  of  a  powerful  machine  for  testing  the 
strength,  tensile,  crushing,  and  torsional,  of  metals  and  woods,  with  a 
view  to  purchase  by  them,  to  which  he  replied  on  July  28,  following^ 
and  immediately  set  to  work  with  increased  force,  and  the  utmost  dili- 
gence, to  master  the  whole  subject  in  such  a  way  as  to  design  the  best 
nmchine  practicable;  in  doing  which  he  added  to  the  one  draftsman  he 
then  had  two  engineers,  and  that  they  all  pushed  the  drawings  of  th 
studies  and  designs  which  he  made  of  testing-machines  as  rapidly  a 
130ssible,  that  he  might  know  how  best  to  design  a  machine  for  the  gov 
ernment,  and  that  before  these  studies  were  complete,  and  in  Novemuer 
187;^,  he  was  urged  to  make  a  i)roi)Osal  to  the  sai<l  department  for  th 
machine  they  desired,  which  he  did  on  December  10  of  that  year^ 
which  jnoposal  was  accepted  and  the  machine  ordered  on  December  2 
187o.  Deponent  further  statesthat  the  principal  things  fixed  in  this  ord 
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wore,  first,  the  size,  w  h  ich  was  fixed  at  400  net  tons  for  loads  of  tension 
or  e()ni])res8i()n,  or  si)eeiniens  wyt  to  30  feet  in  length  ;  sec^ond,  the  gen- 
eral dimensions  of  some  of  tlie  jn  incipal  i)aTts  of  the  maehine,  and  what 
shonld  be  fnrnislied  witli  it;  third,  tlie  (jnality  of  Xha  work,  the  tests  it 
shonUl  beai-,  «S:e.,  and  lastly  the  priee,  whieh  was  to  be  $25,000,  exclnsive 
of  fonndations,  and  that  it  was  tiien  supposed  by  him  that  the  metal  work 
of  the  machine  wonkl  be  about  80,000  pounds  in  weight  when  all  com- 
pleted. UeiK)nent  further  states  that  the  drawings  of  this  machine  were 
commenced  at  once  and  imshed  as  ftist  as  could  i)edone  witli  due  regard 
to  the  perfection  of  the  work,  which  to  bring  to  the  ])oint  he  tliouglit  de- 
sirable required  altering  over  and  over  again,  until  in  the  ])erfecting 
and  arranging  the  ditferent  i)arts  with  each  other  the  whole  machine 
was  drawn  on  an  average  nearly  or  quite  three  times,  in  doing  which 
he  arrived  at  greater  perfection  of  design  than  is  usually  done  in  build- 
ing machines  over  many  times  in  the  shop ;  but  he  had  also  done  two 
other  things  :  first,  in  thusi)erfecting  the  machine  he  had  raised  its  weight 
to  nearly  double  that  intended  when  it  was  ordered;  second,  he  had 
spent  ujjon  the  drawings  more  than  four  times  the  amount  of  time  and 
money  he  had  expected  to  when  the  design  w  as  commenced.  Deponent 
further  states  that  Avhen  the  design  was  nearly  made  it  was  proposed 
to  have  a  board  appointed  by  the  President  to  take  charge  of  and  make 
experiments  on  iron,  steel,  and  other  metals,  and  that  he  was  then  (in  Feb- 
ruary, 1875)  requested  by  tlie  Chief  of  the  Ordnance  Dei)artment  to  go  to 
Washington  for  consultation,  which  he  did,  and  that  he  was  there  re- 
quested to  suspend  work  in  the  shops  until  the  question  of  the  appoint- 
ment of  a  board  was  determined,  which  question  was  settled  by  the  ap- 
pointment of  a  board  by  the  President  under  direction  of  Congress,  with 
iustructions  to  contract  for  a  machine,  and  to  make  experiments  with  a 
view  to  the  formation  of  correct  tables  and  formula  to  show  the  true 
properties  and  strength  of  materials,  and  that  this  board  then  took  the 
place  of  the  Ordnance  Department  as  regards  this  machine,  and  the  sum 
of  $6,500  was  added  to  said  contract  price  for  some  additional  apparatus, 
which  the  board  desired  furnished  therewith,  and  a  new  contract  was 
made  therefor,  thus  changing  the  price  from  $25,000  to  $31,500,  and  in- 
creasing the  weight  of  the  machine  about  10  per  cent.,  and  rendering 
necessary  some  alterations  in  the  rest  of  the  machine,  for  w  hich  additional 
drawings  were  prepared,  and  the  work  pushed  as  rapidly  as  practicable 
Said  deponent  further  states  that  as  the  work  progressed  alterations  and 
changes  in  different  parts  thereof  were  found  desirable  and  necessary, 
and  that  it  becanie  necessary  to  make  some  special  tools  and  ai^paratus 
with  which  to  construct  and  test  various  parts  of  the  work,  and  that 
during  and  in  the  progress  of  making  and  testing  this  machine  numerous 
difficulties  came  u]),  many  parts  having  to  be  made  over  and  over  again  ; 
and  that  while,  before  designing,  the  machine  was  expected  to  contain 
atiout  80,000  pounds  of  metal,  it  really  contains  about  170,000  pounds, 
so  much  has  it  been  injiuoved  and  altered  in  the  design  and  constructicm 
from  whatwasintended  when  first  ordered  ;  and  that  owing  to  this  change 
of  form  and  size,  and  the  numerous  difficulties  of  construction,  many 
parts  being  condemned  and  made  over  or  altered,  often  several  times, 
there  was  really  put  into  the  furnace  and  forges  to  construct  this  machine 
more  than  twice  this  170,000  pounds,  and  more  than  tour  times  the 
80,000  pounds  originally  intended  to  be  in  it.  Deponent  also  states  that 
to  save  the  time  of  explaining  or  even  alluding  to  the  uumy  <lifficulties 
which  came  ui)  in  this  construction,  and  yet  that  they  niay  in  some  meas- 
ure appear,  and  also  to  show  how^  persistently  and  faithl^ully  he  worked 
tor,  and  to  what  ( xtent  he  overcame  them,  he  makes  the  following  ex- 
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tracts  from  tbe  letter  of  the  president  of  the  board  to  the  President  of 
the  United  States,  bearing  date  February  10,  1879 : 

lu  the  plans  designerl  l)y  Mr.  Emery  he  adopted  new  princii)les,  in  the  working  out 
of  which  he  met,  as  is  always  the  case  under  such  circumstances,  with  gn^at  and  un- 
looked  for  difficulty.  In  overcoming  these  difficulties  Mr.  Emery  has  spent  more 
money  than  h<'  has  received  for  the  entire  macliine,  to  say  nothing  of  his  other  expen- 
ses, time,  labor,  &c.  He  has  throughout,  in  the  perfornumce  of  his  part  of  the  con- 
tract, shown  a  greater  desire  to  make  the  machine  perfect  in  all  its  details  than  to 
comj)h^te  the  work  and  obtain  his  money.  The  refiult  of  this  unusual  devotion  is  that 
the  I  'nited  States  has  at  this  time  a  more  perfect  nuichiue  than  was  called  for  by  the 
terms  of  the  contract. 

This  machine  combines  the  qualities  of  power  and  delicacy  to  an  extent  hitherto 
unknown,  and  is  equally  adapted  to  the  testing  of  the  ultimate  strength  of  an  iron  bar 
30  feet  in  length  anil  5  inches  in  diameter,  and  of  a  i)iece  of  wire  of  the  liuest  size 
drawn,  1  inch  long,  and  is  capable  of  giving  the  exact  strain  of  ruj»ture  of  each.  This 
is  more  than  can  be  said  of  any  other  machine  now  in  existence  ;  iu  fact,  its  capabili- 
ties and  the  ease  with  which  the  greatest  strains  are  applied  are  such  as  to  pass  even 
the  hounds  of  belief  of  those  who  have  not  witnessed  its  operation. 

The  said  de])onent  further  states  that  this  machine  was  finished  and 
accepted  by  tlie  board  on  February  8,  1879,  though  he  has  spent  some 
time  and  money  for  it  since,  of  which  he  mentions  tlie  furnishing,  subse- 
quent to  its  acceptance,  of  an  extra  set  of  bronze  nuts  at  a  cost  of  nearly 
'^1,000,  because  it  was  fouiul  they  wefe  very  nuu;h  needed,  and  the  board 
had  no  money  to  purcliase  them  witii,  and  that  they  are  shown  as  a  part 
of  the  cost  of  the  machine  in  Exhibit  X.  Said  deponent  farther  states 
that  he  worked  faithfully  and  continuously  to  design  and  i)roduce  this 
machine  most  of  his  time  from  July,  1873,  to  February,  1879,  to  the  very 
great,  and  he  fears  permanent,  injury  of  his  health,  and  to  the  entire  neg- 
lect of  all  business  and  interests  not  connected  therewith,  thus  showing  a 
direct  cost  of  about  five  and  one  half  years  of  his  time,  to  which  should  be 
added  at  least  a  portion  of  the  two  years  previously  spent  in  the  study 
and  experiments  of,  and  for  scales  and  testing  machines,  which  study 
and  exi)ense  have  so  far  been  of  no  farther  avail  than  the  construction 
of  this  machine,  to  produce  which  he  has  spent,  including  interest  paid 
and  yet  to  be  paid,  the  following  sums,  as  shown  by  Exhibits  A  to  P,  in- 
clusively, these  expenditures  being  here  shown  in  yearly  statements,  be- 
ginning with  the  year  ending  January  1, 1875,  and  eiuling  with  the  year 
ending  January  1,  1880,  the  last  being  that  in  which  the  machine  was 
completed,  accepted,  and  paid  for,  to  the  extent  the  contract  provided  j 
each  of  these  yearly  statements  being  obtained  by  taking  from  the  dif- 
ferent exhibits  presented  herewith  the  amount  of  payments  shown  in 
each  for  that  year,  and  adding  to  such  payments  interest  at  the  rate  of 
7  per  cent,  per  annum  from  the  time  of  these  payments  until  the  close 
of  the  year  in  which  they  were  made,  which  sum  is  then  added  to  the 
amount  of  expenditures  previously  shown,  with  interest  for  that  year, 
which  together  make  up  the  sums  exi)ended  and  shown  by  yearly  state- 
ments as  follows,  to  wit : 

Prior  to  January  1, 1875,  shown  in  Exhibits  A,  B,  D,  I,  J,  and  L,  the  sum  of 

■19,600.05,  with  $147.84  interest   19,  747  89 

Interest  on  this  one  year,  to  January,  1876   68*2  35 

Pa  vments  shown  in  Exhibits  B,  C,D,H,  I,  J,K,  L,  M,  and  P  during  1875,  with 

interest  to  1876,  the  sum  of  $14,443.20,  with  $418.61  interest   -    14,  861  81 

Making  payments  and  cost  shown  to-  January,  1876    25. 292  05 

Interest  on  this  one  year,  to  1877   1, 770  44 

Pavments  shown  in  Exhibits  B,  C,  D,  E,  F,  G,  H,  K,  L,  M,  O,  and  P  during 

i876,  with  interest  to  1877,  the  sum  of  $28,157.57,  with  $1,373.07  interest .  29,  530  64 

Making  cost  and  payments  shown  to  1877    56, 593  13 
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Interest  on  this  one  year,  to  1878   $3, 901  52 

PiiA ment-H  shown  in  Exhibits  B,  D,  F,  H,  K,  L,  M,  N,  O,  and  P  during  1877, 

with  intercHt  to  lb78,  the  sum  of|27,895.28,  with  .|l,218.83  interest   20, 114  11 


M.-iUiiig  i»;iynients  and  cost  sliown  to  1878    89,  608  70 

Interest  on  tliis  one  year,  to  1879    0,270  81 

P.ivnientN  sliown  in  Exliibits  1>,  K,  L,  M,  and  N  during  1878,  with  interest 

to  January  1, 1879,  the  sum  of  114,322.54,  witli  !i;77:3.04  interest   15,090  18 


Making  payments  and  cost  shown  to  1879    111,041  75 

Interest  on  this  one  year,  to  January,  1880   7,772  92 

Payments  shown  in  Exhibits  D,  K,  L,  M,  N,  O,  and  P  during  1879,  ineludiug 
previous  cost  not  reported  above,  but  shown  in  these  exhibits,  with 
interest  thereon  to  January  1,  1880 ;  in  all,  the  sum  of  $9,387.50,  with 
$800.53  interest   10,188  03 


Making  the  entire  cost  shown,  with  interest  up  to  January  1,  1880   129,002  70 

While  tlie  receipts  from  tbe  government  on  this  contract  have  been 
as  follows  : 

Mav  8,  1876   $6,219  00 

Julv  22,  1876   8,646  30 

March  31,  1877   9, 068  47 

March  17,  1877    1.52  39 

June  29,1877   1,266  75 

Februarv  25,  1879    6, 199  48 

July  2,  1879.   100  00 


Which  was  the  balance  due  to  make  np  the  contract  price,  and  amounts,  in 

all,  to  the  sum  of  ,   31,652  39 

To  which  there  should  be  added  an  interest  account,  made  up  annually  at 
7  per  cent,  to  January  1,  1880,  amounting  to  the  sum  of   6,  518  44 


"Which  added  to  the  payments  make   38, 170  83 


Which  sum,  being  declncted  from  the  cost  shown  above,  leaves  a  direct 
loss  of  $90,831.87,  besides  this  large  loss  of  time,  use,  and  loss  of  patents, 
and  losses  in  other  directions  while  neglecting  for  several  years  all  other 
business  interests  to  attend  to  this  work.  Deponent  further  states  that 
this  great  loss  of  time  and  money  has  been  and  is  still  a  very  great  hard- 
ship to  himself,  family,  and  creditors ;  that  a  small  portion  of  this  cost 
still  remains  unpaid,  as  shown  by  the  exhibits,  and  that  to  meet  all  the 
rest  of  this  loss  he  had  to  borrow  the  money,  which  he  still  owes,  with 
the  interest  accruing  at  the  rate  of  7  per  cent,  per  annum ;  and  that  in 
his  opinion  justice  and  equity  alike  demand  that  the  government  shall 
bear  this  loss  of  money,  and  also  reimburse  him  for  his  risk  as  a  con- 
tractor, and  that  he  be  paid  for  his  loss  of  time  and  the  use  of  his  pat- 
ents and  inventions  used  in  said  machine. 

He  also  states  that  as  a  contractor  his  risks  were  very  great,  and  re- 
quests that  the  government  pay  to  him  the  said  direct  loss  of  $90,831.87 
and  interest  thereon  from  January  1,  1880,  until  paid,  together  with  an 
allowance  of  not  less  than  20  per  cent,  of  the  cost  of  this  contract,  to 
reimburse  him  for  losses  and  risks  as  a  contractor,  which  20  per  cent., 
amounting  to  the  sum  of  $25,800.54,  added  to  the  said  $90,831.87  loss, 
make  together  the  sum  of  $116,632.41,  to  which  there  should  be  added  a 
liberal  sum  for  losses  of  time  and  patents  and  for  use  of  i)atents  and 
inventions  in  this  machine,  and  that  an  allowance  of  50  per  cent,  on  the 
cost  of  the  work  is  not  unusual  or  unreasonable  in  cases  where  few  ma- 
chines of  a  particular  kind  are  wanted,  the  allowance  for  tlie  use  of  the 
patents  often  being  much  more  than  tlie  cost  of  the  mac^hines ;  but  in 
this  case  there  are  several  reasons  why  an  allowance  of  50  ijer  cent,  of 
the  cost  of  this  work  would  not  be  sufficient  to  properly  compensate  him 
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for  the  use  of  liis  inventions  in  this  machine,  of  which  he  would  mention, 
first,  tliat,  as  has  been  shown,  more  tlian  five  years  were  sj^ent  in  tlie 
study,  design,  construction,  and  i)erfecting  thereof,  <luring  whicli  time 
he  luid  to  neglect  entirely  the  development  of  his  inventions  in  all 
otiier  directions,  losing  entirely  his  x\ustrian,  Prussian,  and  Canadian 
patents  issued  on  his  scales,  and  taking  this  five  yeai's  from  the  life  of 
all  his  scale  patents,  issued  in  the  Unite<l  States,  England,  France,  and 
Belgium,  making  them  in  this  respect  much  less  valuable  to  put  into 
commercial  use,  as  they  will  expire  so  much  sooner  now  while  working; 
and,  second,  the  government  is  not  using  the  machine  at  all  for  the  pur- 
y)0ses  intended  when  ordered  by  the  Orduan:3e  Dei)artment,  or  for  the 
work  intended  by  the  "  Board  for  Testing  Iron  and  Steel,"  but  is  using 
it  to  do  the  work  of  private  parties  and  firms,  and  at  such  prices  as  tend 
to  break  u[)  and  ruin  his  business  of  building,  selling,  and  using  testing- 
machines;  in  proof  of  which  he  would  state  that  anu)ng  the  parties  for 
whom  the  government  has  thus  made  tests  are  two  firms,  each  of  which 
had  requested  him  to  make  for  them  1, ()()()  ton  machines  for  tension  and 
compression  for  their  own  use,  and  that  the  government  had  done  this 
work  for  them,  as  it  had  for  others,  at  a  price  less  than  they  could  do  it 
for  themselves,  if  he  were  to  give  them  nuichines  and  set  them  up  free 
of  cost,  as  even  in  this  case  they  would  have  to  be  at  the  cost  of  [uovid- 
ing  foundations,  boiler,  aiul  engine,  si)ecial  tools  and  appliances  for  the 
work,  and  buildings  to  keep  and  use  them  in,  also  to  keep  them  in  order 
and  provide  suitable  parties  to  use  them,  while  now  they  are  merely  re- 
quired to  pay  the  direct  cost  of  making  the  tests  after  all  these  things 
are  provided  ;  and  deponent  further  states  that  such  use  of  the  machine 
was  not  intended  when  it  was  ordered,  and  is  wholly  unwarranted,  and  is 
unjust  to  him  in  the  greatest  degree,  as  he  has  not  been  compensated  for 
this  machine  or  the  use  of  its  patents,  and  that  such  use  comes  by  reason 
of  an  act  of  Congress  passed  while  he  was  engaged  in  setting  up  this 
machine.  See  act  of  Congress  approved  June  20,  1878,  entitled  "An 
act  making  ay)propriations  for  sundry  civil  expenses  of  the  government 
for  the  fiscal  year  ending  June  30,  1879,  and  for  other  purposes,"  which 
reads  as  follows : 

"That  the  Secretary  of  War  is  hereby  authorized  to  cause  the  machine 
built  for  testing  iron  and  steel  to  be  set  up  and  applied  to  the  testing  of 
iron  and  steel  for  all  persons  who  may  desire  to  use  it,  upon  the  pay- 
ment of  a  suitable  fee  for  each  test,  the  table  of  fees  to  be  approved  by 
the  Secretary  of  War  and  to  be  so  adjusted  from  time  to  time  as  to  de- 
fray the  actual  cost  of  the  t^sts  as  near  as  may  be ;  and  in  order  to 
make  the  final  payment  on  contract  for  the  construction  of  this  machine 
the  sum  of  six  thousand  two  hundred  and  ninety  nine  dollars  and  forty- 
eight  cents  of  the  unexpended  balance  now  remaining  on  the  books  of 
the  Treasury  of  the  appropriation  for  this  i^urpose  is  hereby  reapi)ropri- 
ated  and  made  available  therefor." 

And  deponent  further  states  that  such  use  of  this  machine  tends  to 
hinder  and  prohibit  the  said  parties  and  others  from  purchasing  ma- 
chines of  him,  or,  if  they  still  get  them,  they  will  only  do  so  at  very  low 
prices,  in  consequence  of  the  manner  and  rates  prescribed  for  the  use  of 
this  machine ;  and  that  he  can,  for  this  reason,  not  only  sell  a  less  num- 
ber of  machines,  and  at  lower  prices,  than  he  otherwise  would,  but  must 
also  build  them  at  an  increased  cost  of  each,  owing  to  the  smaller  pro- 
duction. And  he  further  states  that  had  he  known  at  the  outset  the 
great  amount  of  time  this  machine  would  consume  in  its  construction, 
and  what  unfair  use  the  government  would  make  of  it,  he  would  not 
have  built  it  for  the  government,  even  though  it  had  offered  to  i^ay  three 
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"times  what  the  same  shoiiUl  eost,  ami  that,  sliouhl  the  <40\  enimeiit  [)ay 
him,  in  achlition  to  the  said  $llO,r>.'51i.41  for  h)sses  and  aHovvaiice,  as 
above  mentioned,  a  sum  equal  to  the  direct  cost  of  tliis  work,  as 
1129,002.70,  for  loss  of  time  and  use  of  patents,  makinj]^,  with  the  other 
isaid  sum,  the  amount  of  $245,035.11,  he  wouhl  have  been  much  better 
off  financially  to  have  left  this  contract  alone  and  sj)end  the  time  and 
money  which  he  spent  upon  it  in  the  development  of  his  scales,  <&c.,  and 
that  Congress  should  not  only  i)ay  him  the  losses  and  allowance,  as  above 
mentioned,  together  with  an  equitable  sum  for  his  loss  of  time  and  use 
of  patents,  but  they  should  also  allow  the  patent  issued  on  the  scale  of 
this  machine  to  be  extended  for  seven  years  to  compensate  in  some 
measure  for  the  loss  of  time  not  used  in  developing  and  working  it  while 
he  was  on  this  contract.  And  that,  as  regards  the  money  payment  to 
him,  he  would  much  rather,  for  moneys  lost,  allowance  on  contract,  use 
of  patents  in  this  machine,  and  to  cover  the  losses  which  directly  flow 
from  the  order  of  Congress  quoted  above,  giving  the  public  the  free  use 
of  this  machine  on  the  payment  of  nominal  fees,  receive  now  the  sum  of 
$200,000  than  to  wait  longer  and  have  his  business  continue  in  its  pres- 
ent embarrassed  condition,  even  were  he  to  get  a  much,  larger  sum  by 
waiting  the  action  of  another  Congress  or  the  Court  of  Claims. 

A.  H.  EMEKY. 

Subscribed  and  sworn  to  before  me  this  24th  day  of  March,  1880. 
[SEAL.J  Y.  McNALLY, 

Notary  Puhlie. 


A. — Cost  of  drawings  made  prior  to  October  1,  1874. 

In  the  mutter  of  the  chiim  of  A.  H.  Emery  against  the  United  States  Governmeut. 

City,  County,  and  State  of  New  York,  ss  : 

A.  H.  Emery  and  O.  C.  Woolson,  both  being  severally  and  duly  sworn,  say  that  on 
or  about  October  1,  1874,  they  together  made  an  estimate  of  the  cost  of  the  drawings 
at  that  time  made  for  the  testing-machine  built  by  A.  H.  Emery  for  the  United  States 
Government,  and  there  was  then  made  and  nearly  finished  fifty-two  sheets  of  these 
drawings,  and  that  forty-three  sheets  of  them  had  been  copied  on  tracings  linen, 
and  that  the  cost  of  these  drawings  and  tracings  was  then  estimated  to  be  as  follows, 
to  wit : 

I'lfty-two  sheets  of  dawings   $7,760 

Forty-three  sheets  of  tracings   688 

Making  the  total  cost  of  drawings  and  tracings  together  the  sum  of  $8,448  (eight 
thousand  four  hundred  and  forty-eight  dollars),  and  that  the  following  is  a  correct 
list  of  the  drawings  and  tracings  embraced  in  the  above  estimate,  to  wit : 

Mark  of  piate. 

PI.  30.  T.  M.  5.  General  drawings  of  holders. 

PI.  31.  T.  M.  5.  Details  of  holders.    Top  beams  Nos.  1  and  2. 

PI.  32.  T.  M.  5.  General  drawings  of  20"  press. 

PI.  33.  T.  M.  .5.  Details  of  holders  (intermediate  pieces). 

PI.  34.  T.  M.  4.  Details  of  holders  (bottom  pieces  and  beam  block). 

PI.  35.  T.  M.  .5.  Details  of  span- wheels  for  20''  press  (first  driver). 

PI.  36.  T.  M.  .5.  Details  of  forgings  for  hohler  and  press,  pins,  and  piston  rod. 

PI.  37.  T.  M.  ,5.  13".7  hydraulic  support  (No.  1.5)  for  400-ton  scale. 

PI.  38.  T.  M.  5.  Details  of  20"  press  (cylinder  head,  &c.). 

PI.  39.  T.  M.  5.  Details  for  beams  tor  400-ton  machine. 

PI.  40.  T.  M.  5.  General  drawings  of  scale  end  of  400-ton  machine. 

PI.  41.  T.  M.  5.  Details  of  large  screws,  their  bearings  and  nuts. 

PI.  42.  T.  M.  5.  Details  of  press  cylinder  No.  83  and  press  compression  block. 

PI.  43.  T.  M.  5.  Details  of  press  truck. 

PI.  44.  T.  M.  5.  Details  of  press  truck. 

PI.  45.  T.  M.  5.  First  general  drawings  of  machine. 
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PI.  46.  T.  M.  5.  General  drawings  of  liolder  truck. 

PI.  47.  T.  M.  5.  General  drawings  for  driving  head  for  20"  press  and  details  of  bed- 
plate. 

PI.  48.  T.  M.  r^.  Details  for  forgings  for  scale  end  of  machine. 

PI.  49.  T.  M.  h.  (U'ueral  drawings  of  R.  6.  H.  S.  6. 

PI.  50.  T.  M.  T).  General  drawing  of  automatic  screw  support. 

PI.  51.  T.  M.  5.  Main  stanchion  at  scale  end  of  machine. 

PI.  52.  T.  M.  5.  General  drawings  of  automatic  shaft  support. 

PI.  53.  T.  M.  5.  Details  of  bed-plate  for  beam  stanchion. 

PI.  54.  T.  M.  5.  Details  of  holder  truck. 

PI.  55.  T.  M.  5.  H.  S.  6.  — H.  S.  8. 15.  Details  of  hydraulic  scale  support. 
PI.  56.  T.  M.  5.  H.  S.  6.  — H.  8.  S.  15.  Details  of  hydraulic  scale  support. 
PI .  .57.  T.  M.  5.  R.  6.  H.  S.  0.  Details  of  reducer.  ^ 
P1.58.T.  M.5.  R.6.  H.8.6.  Details  of  reducer. 
PI.  59.  T.  M.  5.  Dei  ails  of  anchor  plates  for  foundations. 
PI.  60.  T.  M.  5.  Details  of  automatic  shaft  support. 
PI.  61.  T.  M.  5.  H.  8.  6.  General  drawing  of  upper  part  of  scale. 
PI.  62.  T.  M.  5.  Details  of  automatic  screw  supports. 
PI.  63.  T.  M.  5.  General  drawing  of  left-hand  end  of  scale-beam,  &e. 
PI.  64.  T.  M.  5.  General  drawing  of  right-hand  end  of  scale-beam,  &c. 
PI.  65.  T.  M.  5.  General  dra  wings  of  bufter. 
PI.  66.  T.  M.  5.  Details  of  driving  head  from  plate  47. 
PI.  67.  T.  M.  5.  Details  (if  main  track. 
PI.  68.  T.  M.  5.  Details  of  driving  head  from  plate  47. 
PI.  69.  T.  M.  5.  Connected  drawing  of  levers  for  making  weights. 
PI.  70.  T.  M.  5.  General  plan  of  400  ton  machine  on  large  sheet. 
PI.  12.  G.  G.  T.  M.  5.  General  drawing  of  hvdraulic  gauge. 
PI.  13.  G.  R.  5.  T.  M.  5.  Reducer  with  its  details. 
PI.  14.  G.  V.  C.  1.  T.  M.  5.  Two  20"  hvdraulic  gauges  in  case. 
PI.  15.  G.  V.  C.  1.  T.  M.  5.  Details  of  piping  and  valves. 
PI.  16.  G.  V.  C.  1.  T,  M.  5.  Gauge  valves  connections  with  levers. 
PI.  17.  G.  V.  C.  1.  T.  M.  5.  Connected  drawing  of  pipes,  valves,  and  rods.. 
PI.  18.  G.  9.  V.  C.  1.  T.  M.  5.  Details  of  PL  14.  of  20"  hydraulic  gauge. 
PI.  19.  G.  9.  V.  C.  1.  T.  M.  5.  Details  of  hvdraulic  gauges  of  plate  12. 
PI.  20.  G.  V.  C.  1.  T.  M.  5.  Details  of  20"  hydraulic  gauge,  case  No.  22. 
PI.  21.  G.  9.  1.  T.  M.  5.  Cast-iron  case  for  20"  hydraulic  gauge  No.  12. 
PI.  22.  G.  9.  T.  M.  5.  Detail  drawing  of  wood  case  for  two  20"  g. 
Total  52  sheets,  with  tracings  on  linen  of  all  these  except  Nos.  14,  45,  61,.  62,  66,  67^ 
68,  69,  and  70,  in  all  43  sheets  of  tracings. 

A.  H.  EMERY. 
O.  C.  WOOLSON. 

Sworn  to  before  me  this  29th  day  of  January,  1880. 

[SEAL.]  '  HAROLD  SMITH, 

Notary  Public,  New  Yorlc  County. 

United  States  Engineer  Office, 

New  York,  January  30,  1880. 
This  is  to  certify  that  I  have  examined  the  inclosed  or  within  list  of  drawings,  and 
from  what  I  know  of  their  quality,  and  of  the  study  and  time  required  to  produce 
them,  I  am  convinced  that  the  estimated  cost,  as  here  given,  is  not  too  high,  and  that 
they  could  not  have  been  produced  for  a  less  sum. 

Q.  A.  GILLMORE, 

Lieutenant- Colon  el  Engineers,  Brevet  Major-General. 


B. — Salary  of  O.  C.  Woolson  subsequent  to  October  1,  1874. 

In  the  matter  of  the  claim  of  A.  H.  Emery  against  the  United  States  Governmen 

City,  County,  and  State  of  New  York,  ss: 

O.  C.  Woolson,  a  mechanical  engineer  and  draughtsman  of  Newark,  N.  J.,  being 
duly  sworn,  says  that  he  was  employed  by  A.  H.  Emery,  of  New  York  City,  most  of 
the'^time  from  August  16,  1873,  to  October  1, 1874,  on  drawings  of  his  testing-machines,, 
scales,  and  gauges,  and  that  subsequent  to  this  date  he  continued  in  his  employ  for 
three  years,  one  and  two-thirds  months,  or  until  November  20,  1877,  and  that  during 
two  years  and  ten  and  two-thirds  months  of  this  time  he  was  engaged  in  making 
drawings  of  the  testing-machine  which  the  said  Emery  was  building  for  the  Unite''^ 
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states  Govwnmoii^  to^jetlier  with  (lr;iwino-,s  of  Mie  scali^  -an-oH,  and  oihoy  ai)|)ai-atiis 
coiiuocltMl  thonnviMi,  and  ot  tools  and  ;>[)paiatuH  to  ii,s(m1  in  Mi(M;on,stnicl in-r  ajid 
tcHtin.i--  tliom)(,  and  in  snpci  intfuidino-  M.o  (■(.nsti  nction  of  this  work  in  tho  sho.7  'nml 
m  makino  oxponnicnfs  and  tcvsts  conncckMl  with  tlio  said  niad.ino,  and  tliat  ofVl  r 
time  so  cniph)yod  snhso(|U(uit  to  October  1,  1874,  for  two  y(%ars  .-tnd  on(-,-h;iIf  Jiis  s'»lo  • 
wa^s  $'>,4(  U  l>er  yo<i.;,  'Mul  that  for  tho  other  fonr  and  two-tJurds  months  his  sal.a.v  wal 
at  the  rate  ot  ,i:>,()  ()  i»,n-  year,  niakn.o-  in  all  for  the  said  two  years,  Um  and  two-thir  ls 
Srl^^^Ur^^f  "''^^^^  '^^^  been\>aid  to  him  ll^^^ieS 

On  Deoembor  31,  1874    o^iop  oo 

Diirino-  Fobrnary,  1875,  at  different  dates   -n 

Durino-  Ai)ril,  1875,  at  different  dates     G-o  I'l: 

Diirino-  May,  1875,  at  different  dates     rn';  on 

During?  Jnne,  1875,  at  ditierent  dates     ''^jn  ta 

On  July  IG,  1875...       40  50 

During  August,  1875,  at  different  dates Tr n  no 

During  Se])teniber,  1875,  at  different  dates     na 

On  October  1,  1875     '  ? 

On  October  25,  1875  V.V  V.  

On  November  23,  1875     -mn  ?!l 

During  January,  187G,  at  different  times     oon  nn 

During  February,  1876,  at  different  times     ono  na 

During  March,  1876,  at  different  times     an 

During  April,  1876,  at  different  times     ^^'g 

During  May,  1876,  at  different  times   o2o  S 

During  June,  1876,  at  different  times     %r  nn 

During  July,  187(?,  at  difterent  times                                             *.  -,  J' 

On  August  5,  1876     f 

On  September  5,  1876....   

On  October  13,  1876     1 

During  November,  1876,  at  d'ifferent  dates'."'"'.'. ir 

During  December,  1876,  at  different  dates   no 

During  January,  1877,  at  different  dates     oa 

During  February,  1877,  at  different  dates  '.'.".*.*. o^n  on 

On  March  31,  1877      2b0  00 

On  April  9,  1877   100  00 

During  June,  1877,  at  different  dates'.'..'.".;."!!; aa 

During  July,  1877,  at  different  dates  ;.' ?2 

On  August  31,  1877    - 483  58 

During  September,  1877,  at'differeu't  dat'es'.i;;'.;  ;;*'. in- 

Daring  October,  1877,  at  different  dates    

Dunng  November,  1877,  at  different  dates ;5  Xo 

On  December  22,  1877..    ^0 

Andou  January  12,  1878,  the  baiau'c'e'.'.'.;'.".".;".V.;".'.'.'.'V;.V.".".'/.V.'. ;;;'.;"'"  i  058  89 

Making  in  all  the  sum  of   'TZZ'TTZ 

(Six  thousand  seven  hundred  and  seveuty^se%^n  and '-^^^'doila're^    b,  ..7 

Sworn  to  before  me  this  29th  day  of  Januaiy,  1830,  ^*  ^' 

^^^■^"^'  ^  HAROLD  SMITH, 

^''ot((rJ  Public,  New  York  ConnUj, 

C.—Salari/  of  L.  Bailer,  draughtsman  and  engineer. 
In  the  matter  of  the  claim  of  A.  H.  Emery  against  the  United  States  Government. 
'ITY,  County,  and  State  of  New  York,  ss  • 

22  ORD 


338 


REPORT  OF  THE  CHIEF  OF  ORDNANCE. 


Ami  lie  further  states  that  on  or  about  June  8,  1876,  the  said  Hailor  was  discharged 
and  fully  paid,  and  that  soon  after  this  the  said  Hailer  left  the  country  for,  as  he  sup- 
]>oses,  his  home  in  Germany,  and  that  he  does  not  know  where  he  now  is,  and  thinlvs 
he  is  in  Japan.  He  also  states  that  the  books  of  the  said  Emery  show  that  for  tin 
said  eleven  and  a  half  months'  services  rendered  as  above  stated  the  said  Hailer  wa> 
paid  the  following-  sums  at  the  times  herein  stated,  to  wit: 


During  June,  1875,  at  different  times   145  00 

Durino;  July,  1875,  at  different  times   80  00 

During- August,  1875,  at  dilferent  times   65  00 

During  September,  1875,  at  different  times   75  00 

During  October,  1875,  at  different  times   157  00 

During  November,  1875,  at  different  times   90  Oo 

During  December,  1875,  at  different  times   70  oo 

During  January,  1876,  at  different  times   290  00 

During  Februarv,  1876,  at  different  times   70  Oo 

During  March,  1876,  at  different  times   60  00 

During  A])ril,  1876,  at  different  times   10  00 

During  May,  1876,  at  difierent  times   140  00 

And  on  June  8,  1876  „  285  50 

Making  in  all  the  sum  of.   1,437  50 


(Fourteen  hundred  and  thirty-seven  and  dollars.) 

O.  C.  WOOLSOX. 

Sworn  to  before  me  this  28th  day  of  January,  1880. 

HAROLD  SMITH, 
Xolarij  Public,  New  York  County. 


D. — llent  of  office. 

In  the  matter  of  the  claim  of  A.  II.  Emery  against  the  United  States  Government. 

City,  County,  and  State  of  New  Yokk,  ss  : 

W.  J.  Dewey,  being  duly  sworn,  says  he  was  for  several  years  in  the  employ  of 
Edward  Mathews  as  a  bookkeeper  or  clerk,  and  that  he  now  is  employed  in  a  like 
capacity  for  the  Charter  Oak  Life  Insurance  Company,  and  that  from  October  1,  1874, 
to  February  1,  1877,  A.  H.  Emery,  a  civil  engineer  in  said  city,  occupied  an  oftice  in 
the  building  Nos.  78  and  80  Broadway,  at  a  yearlv  rental  of  |450  per  year  from  Octo- 
ber 1,  1874,  to  May  1,  1875;  of  $425  per  year  from  May  1,  1875,  to  May  1,  1877,  and  of 
$325  per  year  from  May  1,  1877,  to  February  1,  1879,  all  of  which  rents  were  due  and 
payable  quarterly  unto  the  said  Edward  Mathews  until  and  during  the  quarter  ending 
May  1,  1877  ;  and  all  of  said  rents  accruing  subsequent  thereto  were  due  and  payable 
to  the  Charter  Oak  Life  Insurance  Company;  and  the  said  Dewey  says  that  the  said 
Emery  paid  for  such  rent  to  the  said  Edward  Mathews,  or  to  his  agents,  the  following 
sums,  and  at  the  times  herein  mentioned,  to  wit : 


On  December  31,  1874,  rent  due  November  1,  with  interest   $37  95 

On  April  1,  1875,  one  quarter,  to  February  1,  $112.50,  with  in- 
terest, $1.31   113  81 

On  July  28,  1875,  one  quarter,  to  May  1,  1875    112  50 

On  October  1,  1875,  one  quarter,  to  August  1,  1875   106  25 

On  March  22,  1876,  one  quarter,  to  November  1,  1875,  with  in- 
terest  108  11 

On  June  9,  1876,  two  quarters,  to  May  1,  1876,  with  interest   215  15 

On  May  17,  1877,  on  account   200  00 

And  on  June  30,  1877,  balance  in  full  to  May  1,  1877    212  83 

Making  in  all  to  Edward  Mathews  the  sum  of   $1, 106  60 

Besides  which  there  is  now  due  from  the  said  Emery  to  the  said 
Charter  Oak  Life  Insurance  Company  for  said  rent  from  May  1, 
1877,  to  February  1,  1879,  at  $325  per  year,  payable  quarterly — 

seven  quarters   568  75  | 

On  which  there  is  also  due  for  interest  thereon  accrued  up  to  Janu-  ^ 
ary  1,  1880    66  65 


Making,  together  with  the  rent  due   635  4' 

And  with  that  paid   1,  742  <  " 
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And  tlio  said  l^o-woy  also  says  that  ho  uiuUii'stood  a.ii<l  h(iliov('s  tho  Imsinoss  of  the 
Haid  Eiuoiy  durin«if  this  time,  and  for  some  time  previous  tlioreto,  was  desiguin*;  and 
buiklin<»;  a  testiiii^-machine  for  the  United  States  Government. 

WM.  J.  DEWEY. 

Sworn  to  before  nie  this  29th  day  of  Jannary,  1880. 

[SKAL.]  HERBERT  S.  OGDEN, 

Notary  Puhlic,  King^s  County.    {Certificate Jiled  in  New  York  County.) 


B.—Bill  for  hydraulic xnnnp. 

In  tho  matter  of  tho  chiim  of  A.  H.  Emery  against  the  United  States  Government. 

City,  County,  and  State  of  New  York,  ss: 

C.  E.  Bigelow,  manager  for  the  Knowles  Steam-pump  Company,  being  duly  sworn, 
says  that  during  tho  years  1875  and  1876  there  was  built  by  contract  with  and  for  A. 
H.  Emery,  of  New  York  City,  a  double  double-acting  hydraulic  pump  to  go  with  the 
testing-machine  the  said  Emery  was  then  building  for  the  United  States  Government, 
and  that  said  pump  was  built  by  the  said  Knowles  Steam-pump  Company  at  their 
works  at  Warren,  Mass.,  and  delivered  on  board  the  cars  at  that  place,  for  the  sum  of 
|!C37.38  (six  hundred  and  thirty-seven  and  thirty-eight  hundredths  dollars),  which  sum 
was  paid  by  the  said  Emery  to  the  said  pump  company  on  September  19,  1876. 

C.  E.  BIGELOW. 

Subscribed  and  sworn  to  before  me  this  29th  day  of  January,  1880. 

[SEAL.]  DAVID  J.  H.  WILLCOX, 

Notary  ruhlicfor  Uiclimond  County.    {Certificate  in  New  York  County.) 


F. — Bill  of  Colonel  Laidley. 

In  the  matter  of  £he  claim  of  A.  H.  Emery  against  the  United  States  Government, 

I  hereby  certify  that  the  following  accounts  were  paid  by  Mr.  A.  H.  Emery  on  the 
dates  mentioned,  for  labor  and  material,  on  account  of  the  construction  of  the  testing - 
machine  erected  at  this  arsenal: 


October  2,  1876.  A.  T.  Brewer,  labor   $15  12 

October  2,  1876.  J.  G.  Campbell,  labor   101  06 

October  2,  1876.  J.  W.  Harvey,  labor   101  75 

  $217  93 

April  7,  1877.  W.  A.  Martin,  screws   3  30 

April  7,  1877.  Stetson  &  Pope,  hard  pine  lumber   199  28 

  202  58 

Jnly  3,  1877.  J.  L.  Sands,  brick   42  00 

July  3,  1g77.  J.  G.  &  N.  G.  Gooch,  cement   33  30 

  75  30 

Total   495  81 


T.  T.  S.  LAIDLEY, 
Colonel  of  Ordnance,  Commanding. 

Watertown  Arsenal,  February  13,  1880. 


G. — Bill  of  Charles  E.  Emery. 
In  the  matter  of  the  claim  of  A.  H.  Emery  against  the  United  States  Government. 

City,  County,  and  State  of  New  York,  ss; 

Charles  E.  Emery,  an  engineer,  in  the  city  of  New  York,  being  duly  sworn,  says  that 
in  June,  1875,  he  sold  unto  A.  H.  Emery,  of  said  city,  an  invention  which  the  United 
States  board  for  testing  iron  and  steel  desired  him  to  introduce  in  the  testing-machine 
he  was  then  building  for  the  United  States  Government,  which  invention  was  for  the 
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purpose  of  neutralizing  the  packing  friction  in  hydraulic  presses  and  gauges,  and  was 
to  be  used  in  that  part  of  the  nuichine  known  as  the  diagram  apparatus,  and  that  for 
the  right  to  use  the  said  invention  in  the  said  machine,  and  in  another  machine  which 
he  might  design  and  build  to  take  the  place  thereof,  he  was  to  pay  deponent  the  sum 
of  $2,000  (two  thousand  dollars),  which  sum  he  did  pay  to  him  on  February  21,  187(). 

CHAS.  E.  EMERY. 

Sworn  to  and  subscribed  before  \ne  this  29th  day  of  January,  A.  D.  1880. 
[SKAL.]  LEONARD  A.  GIEGERICTI, 

Xotary  PuhUG,  Xeiv  York  County. 


H. — Salary  of  S.  Cockshaw. 

In  the  matter  of  the  claim  of  A.  H.  Emery  against  the  Government  of  the  United 

States. 

City  and  County  of  Nkw  York,  ss: 

Sidney  Cockshaw,  being  duly  sworn,  says  that  he  is  a  mechanical  draftsman,  of  New 
York  City,  and  was  em])]oyed  by  A.  H.  Emery,  of  said  city,  as  a  draftsman,  from  April 
21,  1875,  until  June  2,  1877,  61  li  days,  of  which  575.5  days  were  spent  upon  drawings 
of  the  testing-machine  which  he  was  then  building  for  the  United  States  Government, 
and  upon  the  scales,  gauges,  apparatus,  and  tools  connected  therewith,  or  to  bo  used 
in  the  construction  and  testing  thereof,  for  which  services  I  was  paid  the  sum  of  three 
dollars  per  day,  making  for  the  said  575^  days  the  sum  of  |1, 726.50  (seventeen  hun- 
dred and  twenty-six  and  one-half  dollars),  which  sum  was  paid  to  me  as  follows,  to  wit : 


During  May  and  June,  1875   $60  00 

During  July,  August,  and  September,  1875    155  00 

During  October,  November,  and  December,  1875   275  00 

During  January,  February,  and  March,  1876   175  00 

During  April,  May,  and  June,  1876   194  00 

During  July,  August,  and  September,  1876    180  00 

During  October,  November,  and  December,  1876   205  00 

During  January,  February,  and  March,  1877   155  50 

During  April,  May,  and  June,  1877   130  00 

During  July,  on  and  before  the  16th,  1877    197  00 


Making  in  all  the  sum  of   1, 726  50 

as  above  mentioned. 

SIDNEY  COCKSHAW. 

Sworn  to  before  me  this  23d  day  of  January,  1880. 


[SEAL.]  WM.  PEET,  Jr., 

Xotary  Public,  Kings  County.    {Certificate  in  Xew  York  County.) 


I. — Salary  of  M.  Randolph. 
In  the  matter  of  the  claim  of  A.  H.  Emery  against  the  United  States  Government. 

City,  County,  and  State  of  New  York,  ss: 

M.  Randolph,  of  the  city  of  New  York,  being  duly  sworn,  says  that  he  was  em- 
ployed by  A.  H.  Emery,  of  said  city,  as  a  draftsman,  from  July  19,  1873,  to  August 
7,  1875,  at  work  on  his  testing-machines,  scales  and  gauges  therefor,  and  that  subse- 
quent to  October  1,  1874,  he  was  thus  employed  on  the  testing-machine  built  by  the 
said  Emery  for  the  United  States  Government,  together  with  its  scale  and  gauges,  two 
hundred  and  twenty-five  days  at  $4  per  day,  for  which  services  he  was  paid  by  the 
said  Emery  as  follows,  to  wit : 


During  October,  November,  and  December,  of  1874,  the  sum  of   $300  00 

During  January,  February,  and  March,  1875   247  00 

During  April,  May,  and  June,  1875   257  00 

During  July  and  August  7,  1875   96  00 


Making  in  all  the  sum  of  (nine  hundred  dollars)   900  00 

M.  RANDOLPH. 

Sworn  to  bef<  re  me  this  2Zt\\  day  of  January,  1880. 

[SEAL.]  L.  RINDSKOPF, 


Xotary  Public,  Xew  York. 
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J. — Salary  of  Eiujenc,  J.  Jerzmanowxlci. 

In  the  niaiter  of  the  claim  of  A.  H.  Enuiiy  agiiiiist  tlio  Govcrniiieut  of  the  United 

States. 

To  whom  it  may  concern  : 

I  hereby  certify  that  I,  Eii<;one  .7.  Jerzmaiiowslci,  am  an  ciiginocr  and  draftsman, 
and  was  in  the  om])h)y  of  A.  H.  Emery,  of  New  York  City,  as  a  draftsman  most  of 
the  time  from  Anj'ust  4,  187li,  to  March'  :\0,  1875,  on  drawings  of  his  testinj^-niachine, 
scah>s,  and  j^anii-es;  andthiit  siihMc.ciuent  to  Octobe-r  1,  1874,  and  l)etween  this  time  and 
March  30,  1875,  I  was  em])h)yed  on  drawings  of  tlie  testing-machine  he  bnilt  for  the 
government,  or  on  its  scab',  and  ganges,  for  tlie  period  of  eighty-tliree  days,  at  a  sal- 
ary of  $4  per  day,  for  which  I  received  payment  as  follows,  to  wit : 

On  December  31,  1874   $220  00 

On  Febrnary  13,  1875   72  00 

On  April  21,  1875   40  00 

Making  in  all  the  sum  of  (three  hundred  and  thirty-two  dollars)   332  00 

G  ivcn  under  my  hand  this  22d  day  of  January,  1880. 

EUGENE  J.  JERZMANOWSKI. 

State  of  Ne^v  York, 

City  and  County  of  Xew  York,  ss  : 
On  this  22d  day  of  January,  1880,  personally  appeared  before  me  Eugene  J.  Jerz- 
manowski,  known  to  me  to  be  the  individual  described  in  and  who  executed  the  fore- 
going instrument,  and  acknowledged  that  he  executed  the  same  and  that  its  contents 
were  true. 

[SEAL.]  HAROLD  SMITH, 

Notary  lUiblic,  New  York  County. 


K. — Salary  of  A.  H.  Emery. 
In  the  matter  of  the  claim  of  A.  H.  Emery  against  the  United  States  Government. 
City,  County,  and  State  of  New  York,  ss  : 

.  A.  H.  Emery,  being  duly  sworn,  deposes  and  says  that  he  is  a  civil  engineer  of  the 
city  of  New  York,  and  that  from  December,  1873,  until  February  10,  1879,  he  was  en- 
gaged in  designing,  constructing,  testing,  and  other  work  connected  with  the  test- 
ing-machine which  he  designed,  built,  and  erected  at  Watertown  Arsenal,  Massachu- 
setts, and  that  he  would  not  devote  his  time  to  any  enterprise  for  the  sum  of  $5,000 
per  year,  as  he  could  not  do  so  without  neglecting  valuable  enterprises  by  which  he 
would  suffer  large  loss  from  the  non-development  thereof;  but  as  a  contractor  to  fur- 
nish said  machine,  it  was  necessary  to  employ  some  one  to  design  and  superintend  the 
construction  and  testing  thereof,  and  that  he  had  been  unable  to  employ  any  other 
suitable  party  to  do  this  work,  and  had,  therefore,  attended  to  it  himself,  as  above 
stated,  and  that  he  does  not  know  or  believe  any  suitable  party  could  have  been  em- 
ployed to  do  this  work  for  the  said  |5,000  per  year,  and  this  sum  should  be  allowed  to 
him  as  a  salary  to  partially  compensate  him  for  his  time  while  so  engaged.  And  de- 
ponent further  states  that  said  sum  should  be  considered,  and  is,  a  part  of  the  direct 
cost  of  the  machine,  and  is  included  for  nine  months  from  December,  1873,  to  October 
1,  1874,  in  the  cost  of  drawings  shown  in  Exhibit  A,  and  that  no  part  thereof  is  shown 
in  any  other  exhibit  than  this,  and  that  the  remainder  of  this  said  $5,000  per  year  from 
October  1,  1874,  to  February  10,  1879,  amounts  to  the  sum  of  $21,805.55  (twenty-one 
thousand  eight  hundred  and  five  and  dollars),  and  should,  in  making  up  the  in- 
terest account,  be  considered  as  due,  and  i)aid  quarterly  during  this  time,  and  that 
while  this  sum  is  not  sufficient  to  compensate  him  for  his  time,  as  shown  above,  it  was 
really  insufftcient  to  cover  his  necessary  expenses  incurred  during  this  period  in  con- 
nection with  the  inventions  used  in  said  machine,  and  for  the  necessary  expenses  of 
himself  and  family  while  he  was  so  engaged,  so  that  in  allowing  this  sum  as  a  part  of 
the  cost  of  this  machine,  he  still  loses  liis  time  from  the  develoinnent  of  his  other  en- 
terprises, and  is  thereby  a  large  loser,  as  shown  above. 

A.  H.  EMERY. 

Sworn  to  before  me  this  20th  day  of  March,  1880. 

[SEAL.]  HAROLD  SMITH, 

Notary  Puhlic,  Nciv  York  County. 
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L. — Bill  of  sundries. 

Ill  the  matter  of  the  chiim  of  A.  PI.  Emery  against  the  United  States  Government. 

City,  County,  and  State  of  New  York,  ss  : 

A.  H.  Emery,  being  duly  sworn,  deposes  and  says  that  he  designed  and  constructed 
for  the  United  States  Government  a  testing-machine  which  was  erected  at  Watertown 
Arsenal,  Massachusetts,  and  that  in  the  prosecution  of  this  work  he  incurred  various- 
sundry  exj)enses  connected  therewith,  such  as  traveling  expenses,  freights,  timber  for 
use  in  connection  therewith,  testing,  &.C.,  hydraulic  piping,  steam  and  oil  piping,  and 
tittings,  packing  lathes,  lining  cylinder  of  straining  ])ress,  ofhce  expenses,  gauges,  cop- 
per piping,  &c.,  amounting  in  the  aggregate  to  the  sum  of  $3,441.83  (three  thousand 
four  hundred  and  forty-one  and  y,;',,  dollars),  and  that  all  these  expenses  are  given  and 
shown  in  detail  in  the  statement  inclosed  herewith,  and  were  for  the  purposes  men- 
tioned herein,  and  were  paid  at  the  dates  respectively  mentioned.  Deponent  further 
states  that  for  some  of  these  expenditures,  such  as  traveling  expenses,  and  some  of 
the  smaller  items,  he  never  had  any  bills,  but  did  have  for  most  of  these  expenditures, 
and  that  they  are  presented  herewith  in  a  package  marked,  "Bills  in  claim  of  A.  H. 
Emery  against  the  U.  S.  Government  in  Exhibit  L. — Bill  of  sundries,"  each  of  said  bills 
themselves  bearing  the  indorsement,  "  Original — No.  [  ]  in  Exhibit  L,  Claim  of  A. 
H.  Emery,"  the  brackets  containing  the  numbers  given  to  these  bills  in  the  statement; 
and  that  none  of  these  expenses  are  shown  or  included  in  any  other  exhibit.  O.  C. 
Woolson,  being  duly  sw^ora,  deposes  and  s.ays  that  he  was  employed  by  the  above- 
mentioned  A.  II.  Emery  as  a  draftsman  and  superintendent  during  several  years  of  the 
time  in  which  the  said  Emery  was  designing,  constructing,  and  testing  the  above- 
mentioned  testing-machine  ;  and  the  said  Emery  and  the  said  Woolson,  each  separ- 
ately and  for  themselves,  depose  and  say  that  the  books  and  accounts  of  the  said 
Emery  show  all  the  expenditures  mentioned  in  the  inclosed  statement,  amounting  to 
the  said  sum  of  $3,441.83.  And  said  deponents  further  state,  that  the  said  statement 
is,  for  the  purpose  of  identification,  marked  on  the  back,  ''Claim  of  A.  H.  Emery 
against  the  U.  S.  Government  in  Exhibit  L. — Bill  of  sundries  in  cost  of  the  government 
testing-machine,"  and  is  indorsed  at  the  bottom  on  the  inside,  "Correct  statement  of 
sundry  expenses  incurred  by  A.  H.  Emery  in  connection  with  designing,  constructing, 
and  testing  the  testing-machine  built  by  him  for  the  United  States  Government,"  and 
that  said  "indorsement  is  signed  by  the  said  Emery  and  the  said  Woolson.  And  the  said 
Emery  and  the  said  Woolson,  each  of  them,  depose  and  say,  that  all  the  expenditures 
mentioned  in  the  said  statement  were  believed  to  be  necessary  to  the  proper  design, 
construction,  and  testing  of  said  machine,  and  in  connection  therewith,  and  that  they 
were,  as  shown  by  said  statement,  of  the  follow  ing  amounts,  for  the  time  herein  shown, 
to  wit : 


During  1873  and  1874  to  January  1,  1875    $157  72 

From  January  1,  1875,  to  April,"  1875   129  18 

From  April  1,'  1875,  to  July  1,  1875   171  12 

From  July  1,  1875,  to  October  1,  1875   373  98 

From  October  1,  1875,  to  December  31,  1875   386  12 

From  Januarv  1,  1876,  to  April  1, 1876   241  35 

From  April  1,'  1876,  to  July  1,  1876    260  10 

From  July  1,  1876,  to  October  1,  1876   332  76 

From  October  1,  1876,  to  January  1,  1877   186  49 

From  January  1,  1877,  to  April  1,  1877   315  60 

From  April  1,  1877,  to  July  1,  1877    350  26 

From  July  1,  1877,  to  October  1, 1877   115  29 

From  October  1,  1877,  to  December  31,  1877   30  22  . 

From  Januarv  1, 1878,  to  April  1,  1878    89  51 

From  April  1,'  1878,  to  January  1,  1879   240  14 

From  Januarv  1,  1879,  to  February  15,  1879   61  99 


Making  in  all  the  sum  of   3,  441  83 


CThree  thousand  four  hundred  and  forty-one  dollars  and  eighty -three  cents,  exclu- 
sive of  interest. ) 

A.  H.  EMERY. 
O.  C.  WOOLSON. 

Dulv  and  severally  sworn  to  by  the  subscribers,  before  me,  March  22,  1880.  J 
SEAL.]  HAROLD  SMITH,  I 

Notary  Fuhlic,  New  York  County,  m 
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M. — Salary  of  J.  K.  Howard,  aHnhtaul  engineer. 

In  the  mattov  of  th<^  cliiim  of  A.  H.  lOineiy  ;i<;jiiii.st  the  United  Stjile.s  Govi'i  iiinent. 

City  of  Boston,  County  ok  Suffolk  and  Statk  of  Massachusetts,  ss  : 

J.  E.  Howard,  bein<if  (hily  sworn,  says  that  lie  i.s  a  civil  engineer,  and  that  ho  was 
employed  by  A.  H.  Emery,  of  New  York  City,  from  Anj^ust  IG,  1875,  to  Febi  iiary  1(), 
1879,  as  an  assistant  engineer,  while  constrneting,  testing,  and  erecting  the  testing- 
machine  built  by  said  Emery  for  the  United  States  Government,  and  that  two  years 
eleven  and  one-sixth  months  of  this  time  ho  was  em])loyed  at  Chicopee,  Mass.,  partly 
in  the  office  and  partly  in  the  shop,  making  drawings  and  computations  and  doing 
other  office  work,  also  in  superintending,  aiding,  and  assisting  in  constructing,  ex- 
perimenting, testing,  and  other  work  in  the  shop,  all  of  which  said  work,  occupying 
said  two  years  eleven  and  one-sixth  months,  was  believed  to  be  necessary  and  essen- 
tial to  the  proper  construction  of  the  said  testing-machino ;  and  deponent  further  says 
that  for  said  services  he  has  been  paid  the  following  sums,  and  at  the  times  herein 
given,  to  wit: 

During  September,  October,  November,  and  December,  1875,  at  various  dates.    .f)l()5  00 


During  Januarv  and  February,  187G   90  00 

During  April  alid  Mav,  1H7()   100  00 

During  July  and  August,  1876    112  00 

During  September  and  October,  1876    120  00 

During  November  and  December,  1876    115  00 

During  January  and  February,  1877   175  00 

During  March  and  April,  1877   160  00 

During  Mav  and  June,  1877   85  00 

During  July  and  August,  1877    195  00 

During  September  and  October,  1877   95  00 

During  November  and  December,  1877    177  00 

\  During  January  and  February,  1878   195  00 

i  During  March  and  April,  1878   120  00 

I  During  June,  July,  and  August,  1878   271  00 

During  September  and  October,  1878   92  00 


ISIaking  in  all  the  sum  of   2, 267  00 


Which  is  $900  per  year  for  two  years,  and  |467,  or  at  the  rate  of  $500  per  year,  for 
the  eleven  and  one-sixth  months  for  which  there  is  also  due  and  to  be  paid  to  him 
the  additional  sum  of  $372.22,  making  the  salary  for  this  time  also  |900  per  year,  which 
said  sum  of  $372.22  will  be  due  and  payable  when  said  Emery  shall  have  been  reira- 
biu'sed  by  the  government  for  the  cost  of  the  said  testing-machine,  making  the  total 
payments  made  and  to  be  made  together  of  the  sum  of  $2,639.22. 

JAMES  E.  HOWARD. 

Subscribed  and  sworn  to  before  me  this  11th  day  of  March,  A.  D.  1880. 
[SEAL.]  GEORGE  M.  AMERIGE, 

Notary  Public. 


N. — Bills  South  Boston  Iron  Company. 
In  the  matter  of  the  claim  of  A.  H.  Emery  against  the  United  States  Government. 

City,  County,  and  State  of  New  York,  ss  : 
William  P.  Hunt,  being  duly  sworn,  deposes  and  says  that  he  is  the  treasurer  of  the 

South  Boston  Iron  Company,  a  company  duly  organized  by  law  in  the  city  of  Boston, 

Mass.,  and  that  during  the  years  1875  to  1879,  inclusive,  the  said  South  Boston  Iron 
I  Company  was  employed  by  A.  H.  Emery,  of  New  York  City,  to  construct  some  parts 
.  of  the  testing-machine  which  he  built  for  the  United  States  Government,  and  to  furnish 
I  labor  and  materials  therefor.  And  that  in  the  prosecution  of  this  work  the  said  com- 
I  pany  did  furnish  various  amounts  of  labor,  materials,  castings,  &c.,  all  of  which  w^ere 
1  charged  for  at  the  rates  and  prices  agreed  upon,  which  rates  and  prices  were  just  and 
I  equitable  and  believed  to  be  necessary  to  the  proper  construction  of  said  machine. 

Said  deponent  further  says  that  bills  of  this  work  were  presented  the  said  Emery  from 
j  time  to  time,  and  audited  by  him  as  correct,  and  were  all  settled  by  him  on  October  4, 
I  1877,  and  March  18,  1879.    Said  deponent  further  states  that  the  amount  of  these  b"Us 
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■vN'cre  in  llu'  a^ngi'c,i»ato  of  tlu>  atnouut  of  ^-^,500.17  (oiglit  thousand  five  liuiulrcd  and 
dollars),  which  amount  was  i)aid  as  follows,  to  wit: 

On  October  4,  1877   $250  00 

On  FobiuaiT  7,  1878   7,2.%  00 

On  July  21/1871)   994  17 

Making  in  all  the  sum  of   8,500  17 

Deponent  further  states  that  a  correct  copy  of  these  hills,  showing  their  items  in 
detail  with  their  settlements  and  payments  indorsed  thereon,  is  presented  herewith, 
and  that  this  said  copy  is  indorsed  at  tlui  bottom,  "Correct  co])y  of  bills  presented  to 
A.  H.  Emery  for  labor,  materials,  &.c.,  furnished  on  and  for  the  testing-machine  built 
by  him  for  the  United  States  Government  and  paid  as  above  shown.  Alexander  Paul, 
bookkeeper.  South  Boston  Iron  Company,  William  P.  Hunt,  treasurer  South  Boston 
Iron  Co.,"  and  on  the  back  thereof,  '•  Claim  of  A.  II.  Emery  against  the  U.  S.  Govern- 
ment in  Exhil)it  N. — Bills  South  Boston  Iron  Co.'' 

WM.  P.  HUNT. 

Subscribed  and  sworn  to  before  me  this  loth  day  of  February,  A.  D.  1880. 
Witness  my  hand  antl  official  seal. 

[SEAL.]  MOSES  M.  ROBINSON, 

yofary  rnblic,  yew  York  Coauly. 


O.— Bills  Xashna  Iron  and  Steel  Companij. 

In  the  matter  of  the  claim  of  A.  H.  Emery  against  the  United  States  Government. 
CiTT  OF  BosTox,  County  of  Suffolk,  and  State  of  Massachusetts,  ss: 

M.  A.  Herrick,  being  duly  sworn,  deposes  and  says  that  he  is  the  treasurer  of  the 
Nashua  Iron  and  Steel  Company,  a  company  duly  organized  by  law  in  Nashua,  New 
Hampshire,  and  that  during  the  years  1875  to  1879  the  said  Nashua  Iron  and  Steel 
Company  furnished  for  A.  H.  Emery,  of  New^  York  City,  various  forgings  and  materials 
to  be  used  for  and  in  the  construction  of  the  testing-machine  he,  the  said  Emery,  was 
building  for  the  United  States  Government,  and  that  for  the  said  forgings,  labor,  and 
material  so  furnished,  the  said  company  presented  bills  to  the  said  Emery  as  the  work 
was  done,  from  time  to  time,  all  of  Avhich  were  audited  by  him  as  correct ;  and  said 
deponent  further  states  that  all  these  bills  were  at  the  rates  agreed  upon,  and  were 
just  and  reasonable,  and  that  all  the  said  material  w^as  believed  to  be  necessary  to  the 
proper  construction  of  the  said  testing-machine  and  its  belongings.  The  said  depo- 
nent further  states  that  a  correct  copy  of  these  bills  has  been  j) resented  to  the  said 
Emery,  all  in  one  voucher,  dated  Nashua,  N.  H.,  February  13,  1880,  to  go  with  this 
deposition,  and  that  said  copy  8how^s  the  aggregate  amount  of  all  these  bills  to  be  of 
the  sum  of  $5,188.45  (tive  thousand  one  hundred  and  eighty-eight  and  -jVir  dollars),  on 
which  the  following  payments  have  been  made,  and  at  the  times  therein  and  herein 
stated,  to  wit : 

On  January  29,  1876    |335  90 

On  February  11,  1876   1,097  03 

On  February  26,  1876   368  38 

On  May  11,  1876   1,893  91 

On  July  26,  1876   949  16 

On  August  23,  1876   3  25 

On  February  6,  1887   12  60 

Making  in  all  the  sum  of   4,  660  23 

Leavinir  still  due  and  unpaid,  including  interest  to  January  1,  1880,  the 
sum  of....   528  22 

Said  deponent  further  states  that  said  voucher  is  indorsed  at  the  bottom,  "  The 
above  is  a  correct  copy  of  bills  presented  to  A.  H.  Emery  for  material  furnished  for  the 
construction  of  the  testing-machine  built  by  him  for  the  United  States  Government. 
Horatio  Adams,  bookkeeper  of  Nashua  Iron  and  Steel  Co.  ;  M.  A.  Herrick,  treasurer  of 
tlie  Nashua  Iron  and  Steel  Co."  And  on  the  back  thereof,  *^  Claim  of  A.  H.  Emery 
against  the  U.  S.  Government,  in  Exhibit  O. — Bills  Nashua  Iron  and  Steel  Co." 

M.  A.  HERRICK. 

In  presence  of 

Godfrey  Mokse. 

c0mm0n\yealth  of  massachusetts,  suffolk,  6's  ; 

Boston,  February  14,  1880. 
There  appeared  before  me  the  above-named  'M.  A.  Herrick,  and  made  solemn  oath 
that  the  statement  above  subscribed  by  him  is  true. 

[SEAL.]  *  GODFREY  MORSE,  Notary  Public. 
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r. — mils  oJ'Jiiu'fi  MannfaclnritKj  Company. 

Ill  I  lie  m;ii  Icr  ol"  (1h>  cljiim  of  A.  H.  Eiiuu'y  ;i^i>';iiiist  tlic  United  8ljitc,s  GovcM'iinicut . 

Town  or  Ciiicoi'kk, 

Coioitj/  of  Ilampdvn,  and  Stale  of  MasmchiiscAls,  ss  :  , 

Lutluu-  White,  bc'in<>'  duly  sworn,  dc.posoH  arid  says,  thsil;  lu;  is  tlic  tv(;asin(;r  of  tlio 
Amk^s  Maniifactnriii<i;-  Company,  a  comiJaTiy  duly  or;;aai/cd  bylaw  in  Clii(;oi)ec,  Mass. ; 
and  (.■harles  Ij.  I'l'i)))*'.!',  bcin*;'  duly  sworn,  deposes  and  says,  that  he  is  the  bookkeeper 
of  the  said  Ames  Manufacturin<jf  Company ;  and  thc;  said  White  and  the  said  Pepper 
each  for  themselves,  say  that  dnrin<]f  the  years  1875  to  1879,  inclnsively,  the  said  Ames 
Manufaeturin«;-  Company  was  employed  by  A.  H.  Emery,  of  New  York  City,  to  aid 
bim  in  the  construction  of  the  testini^-niachiuo  which  he  bnilt  for  the  United  States 
Gov(nnment,  and  that  in  the  T)rosecution  of  this  work  the  followin*;-  bills  were  made 
by  the  said  Ames  Ma  nufacturinjjj  Company  and  presented  to  the  said  Emery  for  pay- 
ment, and  audited  by  liim  as  being 'correct ;  and  that  these  bills  were  made  and  ac- 
cordin*;-  to  the  terms  aj»reed  upon  before  the  different  parts  of  the  work  were  sever- 
ally connuenced  by  the  said  Ames  Manufacturing  Company,  and  that  all  of  the  said 
i)ills  are  for  labor  and  materials  furnished  as  stated  therein.  The  said  deponents 
further  say  that  the  said  bills  referre  <to  as  "following  bills"  are  45  in  number,  and 
are  each  indorsed  inside,  Correct  coi)y.  Luther  White,  Treas.,"  and  on  the  backs 
thereof,  "Claim  of  A  H.  Emery  against  the  U.  S.  Government,  in  Exhibit  P. — Bills 
Ames  Mf.  Co.,"  and  are  numbered  on  the  back  from  Nos.  1  to  4.5,  inclusively,  with  the 
month  and  year  for  which  they  were  made  also  written  thereon. 

The  said  deponents  further  say  that  the  following  are  the  numbers,  dates,  and 
amounts  of  said  bills,  to  wit: 


Number  1.  July  31,  1875   $973  96 

Number  2.  August  :U,  1875    1,0.57  83 

Number  3.  September  30,  1875    2,  074  70 

Number  4.  October  31,  1875    1,331  79 

Number  5.  November  30,  1875   3,463  85 

Number  6.  December  31,  1875   2,393  30 

Number  7.  January  31,  1876    1,865  01 

Number  8.  March  1,  1876    1,227  48 

Number  9.  March  31,  1876    1,510  19 

Number  10.  April  29,  1876    1, 192  12 

Number  11.  June  1,  1876   1,416  33 

Number  12.  July  1,  1876    1,554  74 

Number  13.  July  31,  1876    1, 115  84 

Number  14.  August  31,  1876    1,063  88 

Number  1.5.  September  30,  1876    1,213  99 

Number  16.  October  31,  1876   1,  315  81 

Number  17.  November  30,  1876   1,999  34 

Number  18.  December  30,  1876   909  77 

Number  19.  Januarv  31,  1877    792  80 

Number  20.  February  28,  1877    806  27 

Number  21.  March  31,  1877    824  20 

Number  22.  April  30,  1877    1, 073  81 

Number  23.  May  31,  1877    1, 129  17 

Number  24.  June  30,  1877   943  46 

Number  25.  July  31,  1877    675  65 

Number  26.  August  31,  1877   504  09 

Number  27.  September  29,  1877    379  29 

Number  28.  October  31,  1877    309  78 

Number  29.  November  30,  1877   335  01 

Number  30.  December,  1877   320  34 

Number  31.  January  31,  1878    479  14 

Number  32.  February  28,  1878   323  79 

Number  33.  March  31,  1878    227  74 

Number  34.  April  30,  1878    174  20 

Number  35.  June  1,  1878   137  44 

Number  36.  June  29,  1878   179  78 

Number  37.  July  31,  1878   166  18 

Number  38.  August,  1878    196  63 

Number  39.  September  30,  1878   88  75 

Number  40.  October  31,  1878   21  21 

Number  41.  November  30,  1878   15  00 

Nunib('r  42.  December  31,  1878   17  61 

Number  43.  January  31,  1879   15  00 
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Number  44.  Febniarv,  1879    ^IT^  00 

Number  45.  April  30,'  1879   45  92 


Making  in  all  the  sum  of   37,  877  19 

(Thirty-seven  thousand  eight  hundred  and  seventy-seven  and  -^-'j  dollars.) 

The  said  deponents  further  say  that  all  the  labor  and  materials  charged  in  these  bills 
were  charged  at  the  rates  agreed  upon,  and  that  such  prices  were  just  and  reasonable, 
and  that  all  the  labor  and  materials  therein  charged  were  believed  to  be  necessary  to 
the  proper  construction  and  testing  of  said  testing-machine. 

The  said  deponents  further  test  ify  that  the  said  Emery  has  made  the  following  pay- 
ments on  the  above-mentioned  bills  to  the  said  Ames  Manufacturing  Company,  and 
at  the  dates  here  given,  to  wit : 


On  September  16,  1875   |2, 930  00 

On  December  7,  1875   1, 176  49 

On  January  "24,  1876    3,  500  00 

On  February  15,  1876    5, 500  00 

On  July  25,  1876   1,500  00 

On  January  20,  1877    1,  630  00 

Ou  March  31,  1877    6,  738  47 

On  June  20, 1877   9, 769  05 


Making  in  all  these  payments  the  sum  of   ;>2, 744  01 

(Thirty-two  thousand  seven  hundred  and  forty-four  and  ."lo  dollars),  besides  which 
there  is  still  due  on  the  said  bills  the  following  sums,  to  wit : 

On  August  1,  1878    $4,718  06 

On  September  1,  1878,  the  bills  of  August  and  September,  1878    185  38 

On  May  1,  1879,  the  bills  of  October,  November,  and  December,  1880,  and 

January,  February,  and  April  of  1879    129  74 

Ou  which  interest  has  accrued  up  to  Januarv  1,  1880,  at  7  per  cent.,  as  fol- 
lows: $467.87,  $26,  63,  and  $6.04;  in  all  ..."   500  54 


Leaving  the  amount  due  January  1,  1880   5,533  72 


Which  amount  of  five  thousand  five  hundred  and  thirty-three  dollars  and  seventy- 
two  cents  is  still  due  with  interest  from  January  1,  1880,  at  the  rate  of  7  per  cent. 

LUTHER  WHITE. 
CHAS.  L.  PEPPER. 

Severally  subscribed  and  sworn  to  before  me  this  11th  day  of  February,  A.  D.  1880. 
[SEAL.]  LORAMUS  E.  HITCHCOCK, 

Notary  Public. 


[Tiidors^ments.] 

Executive  Mansion, 

March  26,  1880. 

Calls  attention  to  letter  of  president  of  Board  for  Testing  Steel  and 
Iron,  recommending  an  appropriation  to  reimburse  Mr.  Emery  for  loss, 
allowance,  and  use  of  patent,  &c.,  and  incloses  additional  papers  upon 
the  subject. 

Respectfully  referred  to  the  Secretary  of  War. 
By  direction  of  the  President. 

W.  K.  ROGERS, 

Private  Secretary. 

[First  iulorsement. ] 

Ordnance  Office,  War  Department, 

Washington,  March  2G,  1880. 
Respectfully  referred  to  Col.  T.  T.  S.  Laidley,  president  of  the  late 
Board  on  Steel  and  Iron,  for  remark. 

1st.  Mr.  Emery  now  claiming  compensation  from  the  United  States 
not  only  for  the  actual  cost  to  him  of  the  machine  over  and  above  the 
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contract  price,  but  lor  the  use  of  his  patents,  and  for  (consequential  dam- 
ages caused  by  the  free  use  of  the  machine  to  all  persons,  as  given  by 
Congress,  &c. 

2d.  Is  the  amount  of  $1200,000,  if  note  paid  by  Congress,  excessive  or 
more  than  sullicient  to  compensate  Mr.  Emery  for  losses  and  allowance 
on  the  contract,  and  for  his  tiuie  and  labor  and  use  of  patents  and  dam- 
age from  the  free  use  of  machine,  &c.,  for  all  or  any  of  these  "I 

3d.  Colonel  Laidley  Avill  submit  any  papers  bearing  on  this  case. 

By  order  of  the  Chief  of  Ordnance. 

S.  C.  LYFORD, 

Major  of  Ordnance. 

[SvvAmd  indoiscnu'iit, ] 

AYatertown  Arsenae,  March  .30,  1880. 

Eespect fully  returned  to  the  Chief  of  Ordnance. 

The  inclosed  i)apers,  which  have  been  carefully  examined  by  the 
undersigned,  show  that  the  testing-machine  invented  and  constructed 
b}^  Mr.  A.  H.  Emery  for  the  government  has  cost  him  much  more  than 
had  been  supposed  in  February,  1879,  when,  without  going  into  an  ex- 
amination of  books  and  papers,  the  cost  was  set  down  at  $100,000.  The 
undersigned  thought,  from  a  report  made  by  the  contractor  in  1877,  that 
the  cost,  when  figured  up,  would  be  probably  less. 

The  act  of  Congress,  approved  June  20,  1878,  which  directs  that  this 
machine  shall  be  applied  to  the  testing  of  materials  for  all  persons  who 
may  desire  to  use  it  npon  the  payment  of  the  actual  cost  of  making  the 
tests,  which  action  virtually  destroys  the  business  of  the  inventor  of 
building  testing-machines,  in  that  no  one  will  purchase  a  machine  when 
he  can  have  the  work  of  testing  done  by  the  government  at  less  cost 
than  he  could  do  it  himself  if  a  machine  were  furnished  to  him  free  of 
charge,  gives  the  inventor  a  strong  claim  for  greatly-increased  damages, 
and  causes  the  undersigned  to  modify  and  increase  the  sum  which,  in 
his  opinion,  the  government  could  well  afford  to  pay  for  this  machine 
and  the  losses  its  action  has  inflicted. 

When  the  contractor  undertook  to  build  this  machine  he  confidently 
expected  that  it  would  be  completed  within  six  months,  whereas  nearly 
five  years  were  consumed  in  its  perfection.  This  is  nearly  one-third  of 
the  entire  life  of  his  valuable  patents,  and  involves  a  loss  to  him,  with- 
out any  fault  of  his,  which,  though  doubtless  great,  it  would  be  difficult 
accurately  to  estimate. 

It  rarely  happens  in  the  development  of  any  new  invention  that  the 
first  construction  does  more  than  show  what  may  be  accomplished  in 
succeeding  efforts.  In  the  present  instance,  however,  so  thoroughly 
were  all  the  details  digested,  and  such  frequent  changes  made  in  drawings 
before  they  passed  into  the  hands  of  the  workmen,  that  this  first  machine 
forms  a  marked  exception  to  the  general  rule,  and  is  more  perfect  in  all 
its  parts  than  could  have  been  reasonably  expected  under  the  terms  of 
the  contract.  This  result,  however,  has  not  been  accomplished  without 
long  and  laborious  study,  and  a  corresponding  increase  of  expense  to  the 
contractor.  Since  the  government  is  thereby  the  gainer,  it  can  well 
afford  to  offer  a  substantial  comi^ensation  therefor.  Had  the  contractor 
failed  to  raise  the  necessary  funds  to  complete  the  machine  in  accordance 
with  his  high  standard  of  excellence,  the  undersigned,  though  conversant 
with  the  testing-machines  used  by  the  principal  nations,  knows  of  none 
which  could  have  been  procured  combining  all  of  the  desired  qualities 
to  the  extent  of  that  the  United  States  now  possesses.  No  one  who  has^ 
witnessed  the  facility  of  its  operation,  and  understood  the  principlesi 


348 


REPORT  OF  THE  CHIEF  OF  ORDNANCE. 


upon  \yliicli  it  is  based,  has  failed  to  appreciate  and  be  impressed  with 
the  delicacy  and  accuracy  of  its  determinations.  This  is  a  matter  of  no 
small  importance,  since  it  is  to  form  the  standard  throughout  the  coun- 
try for  measuring  such  strains  as  are  ordinarily  determined  by  testing- 
machines. 

Its  reputation  is  not  confined  to  this  continent,  but  wherever  a  knowl- 
edge of  its  capabilities  has  extended  it  reflects  credit  upon  the  American 
name.  Under  these  circumstances  the  government  can  well  afford  to  be 
liberal  with  the  contractor,  and  make  a  fair  compensation  to  him  for 
his  great  creative  power  and  unremitting  labor  during  the  five  best 
years  of  his  life.  The  amount  of  $200,000,  if  now  paid  by  Congress, 
would  not,  in  the  judgment  of  the  undersigned,  be  excessive,  or  more 
than  sufticient  to  pay  the  contractor  a  fair  equivalent  for  his  unusual 
devotion  to  the  interests  of  the  government,  the  work  performed  by  him, 
and  the  losses  sustained  during  the  time  that  he  has  given  up  his  undi- 
vided energies  to  this  undertaking. 

T.  T.  S.  LAIDLEY, 

Colonel  of  Ordnance^  Commanding. 

[Third  iiidorscme]it. ] 

Ordnance  Office,  War  Department, 

Washington,  April  13,  1880. 
Eespectfully  returned  to  the  Secretary  of  War,  inviting  special  atten- 
tion to  the  indorsement  of  Colonel  Laidley,  president  of  the  late  Board 
on  Steel  and  Iron,  and  the  views  of  a  majority  of  the  members.  The 
other  members  of  the  board,  being  absent  or  sick,  have  not  been  con- 
sulted. 

As  stated  in  my  indorsement  of  February  18,  1879,  herewith,  I  know 
nothing  of  the  merits  but  what  is  made  to  appear  by  these  papers.  The 
inventor  has  produced  a  testing-machine  believed  to  be  the  most  relia- 
ble and  perfect  in  the  world,  and  reflecting  the  greatest  credit  on  the 
inventive  genius  and  mechanical  skill  of  one  of  our  citizens.  No  one 
can  question  the  fact  that  in  the  laudable  desire  to  do  his  whole  duty  to 
the  country,  and  give  it  the  master-piece  of  his  designing  and  construct- 
ive faculty,  he  has  seriously  involved  himself  pecuniarily,  and  has  not 
received  any  compensation  for  his  very  arduous  labors.  In  the  construc- 
tion of  this  machine  he  has  expended  large  sums  over  and  above  the 
amount  paid  him  under  the  contract. 

It  is  a  case  that  appeals  strongly  to  our  sympathies,  and  to  our  sense 
of  justice  equitably  rendered.  In  this  view  I  respectfully  recommend 
this  matter  to  favorable  consideration. 

S.  Y.  BEN15T, 
Brig.  Gen.,  Chief  of  Ordnance. 

[Copy  of  second  indorsement.] 

Watertoavn  Arsenal,  March  30,  1880. 

KespectfuUy  returned,  to  the  Chief  of  Ordnance. 

The  inclosed  papers,  which  have  been  carefully  examined  by  the 
undersigned,  show  that  the  testing-machine  invented  and  constructed 
by  Mr.  A.  H.  Emery  for  the  government  has  cost  him  much  more  than 
had  been  supposed  in  February,  1879,  when,  without  going  into  an 
examination  of  books  and  papers,  the  cost  was  set  down  at  $100,000. 
The  undersigned  thought,  from  a  report  made  by  the  contractor  in  1877, 
that  the  cost  when  figured  up  would  be  probably  less. 


REPOirr  or  'V\[K  CHIEF  OF  OliDNANCK. 


349 


Tlie  act ol'  Cou^iess  approved  »Iune  20,  187S,  w  liicli  directs  tliat  tliis 
Fiiacliiiic  shall  be  applied  to  tlie  testing"  of  materials  tor  all  persons  who 
may  desire  to  use  it,  upon  the  i)a;ynient  ol*  the  actual  cost  of  making' the 
rests,  which  action  virtually  destroys  the  business  of  the  inventor  oi 
buildin«>'  testin<»- machines,  in  that  no  one  will  purchase  a  machine  when 
can  liavo  the  work  of  testin<>-  done  by  the  government  at  less  cost 
than  he  could  do  it  himself  if  a  machine  were  furnished  to  him  free  of 
charge,  gives  the  inventor  a  strong  claim  for  greatly  increased  damages, 
and  causes  the  undersigned  to  modify  and  increase  the  sum  which,  in 
liis  oi)inion,  the  government  could  well  aiford  to  pay  for  this  machine, 
and  losses  its  action  has  intlicted.  AVhen  the  contractor  undertook  to 
build  this  machine  he  confidently  expected  that  it  would  be  completed 
within  six  months,  whereas  nearly  five  years  were  consumed  in  its  per- 
fection. This  is  nearly  one-third  of  the  entire  life  of  his  valuable  patents, 
and  involves  a  loss  to  him  without  any  fault  of  his,  which,  though  doubt- 
less great,  it  would  be  difiicult  accurately  to  estimate. 

It  rarely  happens  in  the  development  of  any  new  invention  that  the 
first  construction  does  more  than  show  what  may  be  accomplished  in 
succeeding  eftbrts.  In  the  i)resent  instance,  however,  so  thoroughly 
were  all  the  details  digested,  and  such  frequent  changes  made  in  draw- 
ings before  they  passed  into  the  hands  of  the  w  orkmau,  that  this  first 
machine  forms  a  marked  exception  to  the  general  rule,  and  is  more  per- 
fect in  all  its  parts  than  could  have  been  reasonably  expected  under  the 
terms  of  the  contract.  This  result,  how^ever,  has  not  been  accomi)lished 
without  long  and  laborious  study,  and  a  corresponding  increase  of  ex- 
pense to  the  contractor.  Since  the  government  is  thereby  the  gainer,  it 
can  well  afford  to  offer  a  substantial  compensation  therefor.  Had  the 
contractor  failed  to  raise  the  necessary  funds  to  comi)lete  the  machine 
in  accordance  with  his  high  standard  of  excellence,  the  undersigned, 
though  conversant  with  the  testing-machines  used  by  the  j)rincipal 
nations,  knows  of  none  which  could  have  been  i)rocured  combining  all 
of  the  desired  qualities  to  the  extent  of  that  the  United  States  now  pos- 
sesses. No  one  who  has  witnessed  the  facility  of  its  operation,  and 
understood  the  principles  upon  which  it  is  based,  has  failed  to  appreciate 
and  be  impressed  with  the  delicacy  and  accuracy  of  its  determinations. 
This  is  a  matter  of  no  small  importance,  since  it  is  to  form  the  standard 
throughout  the  country  for  measuring  such  strains  as  are  ordinarily 
determined  by  testing-machines.  Its  reputation  is  not  confined  to  this 
continent,  but  wherever  a  knowledge  of  its  capabilities  has  extended  it 
reflects  credit  ui)on  the  American  name. 

Under  these  circumstances  the  government  can  well  aftbrd  to  be  lib- 
eral with  the  contractor  and  make  a  fair  compensation  to  him  for  his 
great  creative  powder  and  unremitting  labor  during  the  five  best  years 
of  his  life. 

The  amount  of  $200,000,  if  now  paid  by  Congress,  would  not,  in  the 
judgment  of  the  undersigned,  be  excessive,  or  more  than  sufficient  to 
pay  the  contractor  a  fair  equivalent  for  his  unusual  devotion  to  the  in- 
terests of  the  government,  the  work  i)erformed  by  him,  and  the  losses 
sustained  during  the  time  that  he  has  given  up  his  undivided  energies 
to  this  undertaking. 

T.  T.  S.  LAIDLEY, 

Colonel  of  Ordnance,  Commanding. 

We,  the  undersigned,  formerly  members  of  the  United  States  Board 
for  Testing  Iron  and  Steel,  had  supposed  that  the  testing-machine  had 
cost  the  sum  stated  by  the  contractor,  and  no  one  who  has  seen  the 
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machine  will  be  surprised  to  learn  tliat  it  lias  really  cost  a  larger  snm,  as 
ascertained  by  the  contractor  in  making  up  his  accounts.    We  fully 
agree  Avith  Colonel  Laidley  in  all  his  remarks  with  regard  to  the  quality 
and  value  of  the  machine  and  the  services  rendered  by  Mr.  Emery  in 
designing  and  constructing  it.    And  we  think  that  he  is  justly  entitled 
to  compensation  for  its  cost  as  shown  and  the  allowance  he  asks  as  a 
contractor,  and  that  he  should  be  paid  for  his  time  and  the  use  of  his 
patents  in  the  construction  of  said  machine.    We  also  think  that  Con 
gress  and  the  country  can  well  afford  to  pay  him  the  sum  of  $200,000  to 
settle  his  claim,  and  should  any  part  of  the  cost  of  the  machine  or  other 
part  of  his  claim  be  for  any  cause  disallowed,  we  would  still  recom 
jneud  that  a  sum  not  less  than  $200,000  be  paid  to  him  in  recognition  of 
his  genius,  fidelity,  and  services ;  and  if  not  paid  now  we  would  recom 
mend  a  larger  sum  hereafter  as  including  compensation  for  delay. 

AVM.  SOOY  SMITH,  C.  E. 

A.  L.  HOLLEY. 

Q.  A.  GILLMOEE, 
Lieut.  Col.  Encj.^  Bvt.  Maj.  Gen. 


[House  Report  No.  1584,  Forty-sixtli  Congress,  second  session.] 

ALBERT  H.  EMEEY. 

Mr.  Bowman,  from  the  Committee  on  Claims,  submitted  the  following 
report  [to  accompany  bill  H.  E.  6373] : 

The  Committee  on  Claims,  to  icUom  ivas  referred  the  hill  (H.  B.  5990)  for 
the  relief  of  A.  H.  Emery,  have  considered  the  same,  and  resjjectfully 
report  : 

By  an  act  approved  March  3,  1873,  Congress  appropriated  $25,000  for 
improved  machinery  for  testing  American  iron  and  steel  (17  Stat,  at 
Large,  p.  547).  Under  this  ai>propriation  the  Ordnance  Department 
ordered  of  A.  11.  Emery,  civil  engineer,  of  KewYork,  a  testing  machine 
to  be  designed  and  built  by  him,  and  erected  at  the  Watertown  Arsenal 
Mass.,  as  will  more  fully  ai:)pear  from  the  memorial  of  the  claimant  ac 
companying  the  message  of  the  President  to  the  House  on  the  16th  of 
April,  1880.    (See  Ex.  Doc.  No.  74.) 

2.  The  papers  contained  in  said  Ex.  Doc.  No.  74  show  that  under  this 
order  the  claimant  diligently  and  continuously  proceeded  with  the  de 
signing  and  construction  of  the  said  machine.    During  the  progress  o 
this  work  Congress  passed  an  act,  approved  March  3,  1875  (18  Stat, 
p.  399),  appropriating  $50,000  for  "experiments  in  testing  iron  and  steel, 
including  the  cost  of  any  machine  built  for  the  purpose,^''  and  the  above  ap 
propriation  of  $25,000  made  by  the  act  of  March  3, 1873,  was  made  avail 
able  as  a  "  further  sum  "  for  the  purpose  of  building  such  machine.  (See 
section  4.)    This  section  also  provided  that  the  President  should  ap- 
l)oint  a  board  consisting  of  one  engineer  and  one  ordnance  officer  of  the 
army,  one  line  officer  and  one  engineer  of  the  navy,  and  three  civilian 
experts,  for  the  purpose  of  making  tests  of  the  strength  and  value  of 
all  kinds  of  iron  and  steel  and  other  metals,  and  for  the  building 
of  a  suitable  machine  for  establishing  such  tests.    The  President  ap- 
pointed on  this  board  General  Q.  A.  Gillmore,  Engineers,  IJnited  States 
Army ;  Col.  T.  T.  S.  Laidlc}^,  of  the  Ordnance  Bureau ;  Commander  L.  A. 
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liearilsleo,  ITiiited  Sbitos  ISTavy;  David  Sinitli,  Chief  Eiij^iiicei',  United 
States  Navy;  (Jeiieral  William  Sooy  Smith,  (jivilian,  eivil  engineer;  A. 
L.  llolley,  civilian,  eivil  engineer;  \i.  11.  Thurston,  civilian,  civil  engineer. 

;>.  Under  this  act,  which  ])lace(l  the  board  above  named  in  the  posi- 
tion formerly  held  by  the  Ordnance  Office  as  regards  this  niacliine,  the 
said  board  made  a  new  (iontrat^t  witli  the  claimant  after  he  had  been  at 
work  n])wards  of  a  year  and  a  half  under  his  original  contract.  By  the 
said  new  contract  the  board  re(iuired  certain  additional  apparatiis,  which 
increased  the  weight  of  the  nuichine  about  ten  per  cent.,  and  for  this 
additional  Jipparatus  added  $(),5()0  to  the  original  contract  price,  thus 
changing  the  i)rice  to  be  paid  from  $:^5,0()0  to  $31,o0(). 

4.  Under  this  contract  the  work  Avas  continued  unremittingly  until  the 
8th  of  February,  1870,  when  the  machine  was  completed  and  accepted. 

5.  From  statements  of  the  claimant,  which  there  is  no  reason  to  doubt, 
it  apx)ears  that  his  inventions  embodied  in  this  machine  were  for  the 
most  part  matured  prior  to  the  date  when  the  machine  was  ordered,  to 
wit,  the  24th  of  December,  1873.  The  papers  show  that  at  that  time  no 
design  of  the  machine  had  been  made,  and  that  the  claimant  pursued 
with  untiring  industry  and  skill  the  designing,  constructing,  testing,  and 
l)erfecting  of  this  machine,  which  ])roved  to  be  an  unexpectedly  difficult 
and  expensive  task.  Colonel  Laidley,  x)resident  of  the  board  above  al- 
luded to,  says  in  regard  to  this,  in  a  letter  addressed  to  the  President  of 
the  United  States,  dated  February  10, 1870,  two  days  after  the  machine 
had  been  accepted  by  the  board,  as  follows : 

In  tlie  plans  designed  by  Mr.  Emery  lie  adoi)ted  new  jirinciples,  in  tlie  working  out 
of  wliicli  he  met,  as  is  always  the  case  nuder  such  circumstances,  with  great  and  un- 
looked-for difficulty.  In  overcoming  these  difficulties,  Mr.  Emery  has  siJent  more 
money  than  he  has  received  for  the  entire  machine,  to  say  nothing  of  his  other  ex- 
penses, time,  labor,  &c.  He  has  throughout,  in  the  performance  of  his  part  of  the 
contract,  shown  a  greater  desire  to  make  the  machine  perfect  in  all  its  details  than  to 
complete  the  work  and  obtain  his  money.  The  result  of  this  unusual  devotion  is, 
that  the  United  States  has  at  this  time  a  more  perfect  machine  than  was  called  for  by 
the  terms  of  the  contract. 

And  in  the  same  report  to  the  President,  in  speaking  of  the  character 
of  the  machine,  he  uses  the  following  language : 

This  machine  combines  the  qualities  of  power  and  delicacy  to  an  extent  hitherto  un- 
known, and  is  equally  adapted  to  the  testing  of  the  ultimate  strength  of  an  iron  bar 
30  feet  in  length  and  5  inches  in  diameter  and  of  a  piece  of  wire  of  the  finest  size 
drawn,  1  inch  long,  and  is  capable  of  giving  the  exact  strain  of  rupture  of  each.  This 
is  more  than  can  be  said  of  any  other  machine  now  in  existence ;  in  fact  its  capabil- 
ities and  the  ease  with  which  the  greatest  strains  are  applied  are  such  as  to  pass  even 
the  bounds  of  belief  of  those  who  have  not  witnessed  its  operation. 

6.  At  the  time  of  the  acceptance  of  the  machine,  and  prior  to  this  re- 
port of  the  president  of  the  board  to  the  President,  attention  was  called 
to  the  fact  that  the  cost  of  the  machine  was  vastly  in  excess  of  the  con- 
tract price.  The  claimant,  without  examination  of  his  accounts,  stated 
that  the  cost  was  at  least  $100,000.  One  member  of  the  board  then 
recommended  the  payment  of  not  less  than  $45,000  additional  compen- 
sation, while  live  other  members  of  the  board  recommended  the  payment 
of  $70,000  additional,  which  latter  amount,  added  to  the  contract  price, 
would  only  have  reimbursed  him  for  actual  outlay  as  then  estimated 
without  any  compensation  for  his  own  time  and  skill  or  for  the  use  of 
his  inventions. 

7.  The  said  members  of  the  board,  while  recommending  the  payment  of 
$70,000  additional  compensation,  state  that,  as  the  board  did  not  intend 
the  machine  should  be  made  without  a  reasonable  profit,  they  would, 
had  the  contractor  asked  it,  have  recommended  that  lie  be  paid  for  his 
time  as  well  as  disbursements. 
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8.  The  above-referred  to  report  and  letters  of  recommendation  were 
made  the  subject  of  Senate  Ex.  Doc.  No.  G8,  parts  1  and  2,  45th  Cong.,  3d 
sess.,  which  reached  Congress  so  near  the  close  of  the  session  that  no 
action  was  taken  tliereon. 

9.  Since  that  time  the  claimant  has  accurately  ascertained  the  cost  of 
the  machine,  and  has  furnished  a  detailed  statement  thereof,  certified  by 
affidavits  of  himself  and  of  the  parties  who  furnished  the  labor  and  ma- 
terials. His  memorial  setting  forth  the  history  of  the  case,  with  proofj^ 
of  the  cost  of  the  machine,  were  inclosed  in  his  letter  to  the  President 
dated  March  27,  1880,  which  papers,  with  the  indorsements  thereon, 
were  made  the  subject  of  a  special  message  of  the  President  to  the  House, 
dated  the  lOth  of  April,  1880,  and  found  in  Ex.  Doc.  No.  74,  i)resent 
session. 

10.  The  documents  further  show  that  before  the  machine  was  designed 
it  was  expected  to  contain,  when  completed,  about  80,000  pounds  of  fin- 
ished metal  Avork,  whereas  it  really  contains  about  170,000  pounds,  and 
more  than  twice  this  quantity  (or  upwards  of  four  times  the  amount  it 
was  originally  expected  to  contain)  was  put  into  the  furnaces  and  forges 
to  produce  it. 

11.  It  further  appears  from  the  documents  on  file  that  in  order  to  produce 
such  a  machine  as  the  government  and  the  board  required,  many  parts, 
though  constructed  with  great  care,  had  to  be  made  over  and  over  again  j 
and  without  entering  into  details  as  to  changes,  enlargements,  new  in- 
ventions and  devices  that  were  made  and  used  to  perfect  the  machine,, 
it  is  sufficient  to  say  that  the  proofs  show  the  actual  cost  of  the  ma- 
chine to  have  been  upwards  of  $129,000,  for  which  he  has  received 
$31,500,  exclusive  of  interest.  These  proofs  as  to  cost  and  other  detail;^ 
were  submitted  to  Colonel  Laidley,  president  of  the  board,  and  carefully 
examined  by  him,  and  will  be  found  in  detail  in  Ex.  Doc.  No.  74,  above 
cited. 

12.  This  cost  does  not  include  any  allowance  for  the  value  of  the  inven- 
tion used  in  the  machine,  nor  is  there  embraced  in  it  anything  for  profits  ; 
both  which  items  should  be  considered  in  fixing  the  amount  to  be  paid, 
for  no  one  could  wish  the  government  to  use  this  machine,  even  at  cost^ 
without  compensation  to  him  for  his  inventions  and  his  time,  nor  that 
he  should  assume  the  heavy  expense  and  risk  involv^ed  without  a  fair 
profit. 

13.  The  above  would  have  been  a  reasonable  basis  of  settlement  but 
for  the  fact  that  in  the  sundry  civil  bill,  approved  June  20,  1878,  Con- 
gress enacted — 

That  tlie  Secretary  of  War  is  herel^y  antliorized  to  cause  tlie  machine  built  for  test- 
ing iron  and  steel  to  be  set  up  and  applied  to  the  testing  of  iron  and  steel  for  all  i^er- 
sons  who  may  desire  to  use  it,  upon  the  payment  of  a  suitable  fee  for  each  test ;  the 
table  of  fees  to  be  approved  by  the  Secretary  of  War,  and  to  be  so  adjusted  from  time 
to  time  as  to  defray  the  actual  cost  of  the  tests  as  near  as  may  be ;  and,  in  order  to 
make  the  final  payment  on  contract  for  the  construction  of  this  machine,  the  sum  of 
ksIx  thousand  two  hundred  and  ninety-nine  dollars  and  forty-eight  cents  of  the  unex- 
pended balance  now  remaining  on  the  books  of  the  Treasury  of  the  approx^riation  for 
this  x^urpose  is  hereby  reap^jropriated  and  made  available  therefor. 

This  act,  passed  while  the  claimant  was  setting  up  his  machine,  vir- 
tually deprived  him  of  the  proper  use  of  his  inventions,  most  of  Avhich 
he  had  matured  before  the  machine  was  ordered  for  the  use  of  the  gov- 
ernment, and  in  the  development  of  which  he  had  spent,  as  has  been 
shown,  more  than  five  years  of  time.  The  use  of  the  machine  by  the 
government  for  the  benefit  of  the  public  for  merely  nominal  fees  mani- 
festly deprives  the  claimant  of  any  considerable  market  for  the  sale  of 
these  machines. 
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14.  It  is  not  the  oovoruinciit  only  which  is  interested  in  testin^^  the 
strength  of  materials,  bnt  manufacturers,  construetin<2^  engineers,  build- 
ers, and  in  general  the  whole  public,  who  are  constantly  exposed  to  peril 
from  the  treachery  of  metallic  structures  of  uncertain  strength. 

15.  A  letter  from  members  of  the  board,  dated  February  17, 1879  (see 
Seuate  Ex.  Doc.  No.  (>8,  Forty-tifth  Congress,  3d  session),  says: 

He  has  spent  every  dollar  lie  a-skw  and  more,  we  believe,  on  tliLs  machine,  and  the 
government  has  jrot  the  value  of  the  expenditure  tenfold  a.s  compared  with  the  value 
of  any  other  known  testi no-machine. 

16.  The  Secretary  of  War,  in  his  letter  to  the  President,  informs  him 
that  this  is  the  most  perfect  testin<j;- machine  in  the  world,  and  that 
Colonel  Laidley  and  other  mend)ers  of  the  board  recommend  the  pay- 
ment of  $200,060  to  the  contractor. 

17.  The  following  are  the  communications  of  the  President  and  Secre- 
tary of  War  on  the  subject  embraced  in  Ex.  Doc.  No.  74,  before  referred 
to : 

Executive  Mansion, 
Washington,  D.  C,  Airil  16, 1880. 

To  the  House  of  llepresentatives  : 

The  Board  for  Testing  Iron,  eSteel,  and  other  metals,  appointed  under  the  authority  of 
*'Au  act  making  appropriaticms  for  sundry  civil  expenses  of  the  government  for  the 
fiscal  year  ending  June  liO,  1876,  and  for  other  pnrjioses,"  contracted  with  Mr.  A.  H. 
Emery,  of  New  York,  for  a  testing-machine,  to  be  paid  for  out  of  the  appropriation 
made  for  the  purpose.  That  machine  has  been  completed  and  accepted,  and  is  now 
in  position  at  the  Watertown  Arsenal,  Massachusetts.  It  is  spoken  of  by  the  mem- 
bers composing  the  late  board  as  the  most  perfect  and  reliable  machine  in  the  world, 
embodying  new  mechanical  principles  and  combinations  not  heretofore  used  in  any 
other  constructions. 

In  designing,  perfecting,  and  making  this  machine  the  contractor  has  expended 
large  sums  of  money  over  and  above  the  contract  price,  besides  giving  years  of  labor 
for  which  he  has  received  no  compensation.  He  now  appeals  to  Congress  for  relief, 
and  the  papers  herewith  exhibit  a  case  that  calls  for  Congressional  action.  It  is  re- 
spectfully submitted  to  the  House  of  Representatives,  recommending  speedy  and 
favorable  consideration. 

R.  B.  HAYES. 

War  Department, 
Washington  City,  April  14,  1880. 
Sir  :  I  have  the  honor  to  return  the  papers  in  the  claim  of  Mr.  A.  H.  Emery. 
These  papers  have  been  referred  to  the  Chief  of  Ordnance,  and  your  attention  is  in- 
vited to  his  indorsement,  and  to  that  of  Colonel  Laidley,  president  of  the  late  board 
on  steel  and  iron,  as  well  as  to  the  views  of  some  of  the  members  of  the  board. 

This  is  a  case  that  calls  for  Congressional  action.  These  papers  show  that  it  is  one 
deserving  favorable  consideration. 

The  country  is  now  in  possession  of  the  most  perfect  testing-machine  in  the  world. 
The  use  of  metals  in  all  kinds  of  constructions,  both  private  and  public,  demands  so 
accurate  a  knowledge  of  their  qualities  as  can  only  be  determined  by  just  such  a  ma- 
chine as  this,  and  its  determinations  will  be  of  the  greatest  value  to  one  of  the  most 
extensive  industries  in  which  our  people  are  engaged. 
It  appears  to  me  that  liberal  action  on  the  part  of  Congress  towards  one  of  our  citi- 
\   zens  who  has  lost  so  much  in  faithfully  carrying  out  his  contract  would  be  but  proper 
i   and  equitable. 

Colonel  Laidley  and  other  members  of  the  board  who  are  thoroughly  cognizant  of 
all  the  facts,  name  $200,000  as  not  excessive,  "or  more  than  sufdcient  to  j)ay  the 
contractor  for  his  unusual  devotion  to  the  interests  of  the  government." 

I  respectfully  recommend  reference  of  these  papers  to  Congress  with  request  for 
speedy  and  favorable  action. 

Very  respectfully,  your  obedient  servant, 

ALEX.  RAMSEY, 

Secretary  of  War. 

The  President. 

18.  Accompanying  this  execntive  document  will  be  found  the  letter  of 
!  the  claimant  to  the  President  of  the  United  States,  inclosing  his  memo- 
rial and  exhibits,  showing  the  cost  of  the  testing-machine,  which  re. 
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ceived  the  folio wiDg  indorsements  in  which  the  Chief  of  Ordnance  and 
the  president  and  other  members  of  the  board  recommend  the  payment 
of  this  sum : 

[Indorsements.] 

Executive  Mansion, 

March  26,  1880. 

Calls  attentiou  to  letter  of  president  of  Board  for  Testing  Steel  and  Iron,  recom 
mending  an  appropriation  to  reimburse  Mr.  Emery  for  loss,  allowance,  and  use  of  pat 
ent,  &c,,  and  incloses  additional  papers  upon  the  subject. 

Respectfully  referred  to  the  Secretary  of  War. 

By  direction  of  the  President. 

W.  K.  ROGERS, 

»  Private  Secretary. 

[First  indorsement.] 

Ordnance  Office,  War  Department, 

Washington,  March  26,  1880. 

Respectfully  referred  to  Col.  T.  T.  S.  Laidley,  president  of  the  late  Board  on  Steel 
and  Iron,  for  remark. 

Ist.  Mr.  Emery  now  claiming  compensation  from  the  United  States  not  only  for  the 
actual  cost  to  him  of  the  machine  over  and  above  the  contract  price,  but  for  the  use 
of  his  patents,  and  for  consequential  damages  caused  by  the  free  use  of  the  machine 
to  all  persons,  as  given  by  Congress,  &c. 

2d.  Is  the  amount  of  $200,000,  if  noiv  paid  by  Congress,  excessive  or  more  than  suf- 
ficient to  compensate  Mr.  Emery  for  losses  and  allowance  on  the  contract,  and  for  his 
time  and  labor  and  use  of  patents  and  damage  from  the  free  use  of  machine,  &c.,  fo 
all  or  any  of  these  ? 

3d.  Colonel  Laidley  will  submit  any  papers  bearing  on  this  case. 

By  order  of  the  Chief  of  Ordnance. 

S.  C.  LYFORD,  Major  of  Ordnance. 
[Second  indorsement.] 

Watertown  Arsenal,  March  30,  1880. 
Respectfully  returned  to  the  Chief  of  Ordnance. 

The  inclosed  jjapers,  which  have  been  carefully  examined  by  the  undersigned,  show 
that  the  testing-machine  invented  and  constructed  by  Mr.  A.  H.  Emery  for  the  gov 
ernment  has  cost  him  much  more  than  had  been  supposed  in  February,  1879,  when 
without  going  into  an  examination  of  books  and  papers,  the  cost  was  set  down  at 
$100,000.  The  undersigned  thought,  from  a  report  made  by  the  contractor  in  1877 
that  the  covSt,  when  figured  up,  would  be  probably  less. 

The  act  of  Congress,  approved  June  20,  1878,  which  directs  that  this  machine  shall 
be  applied  to  the  testing  of  materials  for  all  persons  who  may  desire  to  use  it  upon 
the  payment  of  the  actual  cost  of  making  the  tests,  which  action  virtually  destroys 
the  business  of  the  inventor  of  building  testing-machines,  in  that  no  one  will  pur- 
chase a  machine  when  he  can  have  the  work  of  testing  done  by  the  government  at 
less  cost  than  he  could  do  it  himself  if  a  machine  were  furnished  to  him  free  of  charge 
gives  the  inventor  a  strong  claim  for  greatly-increased  damages,  and  causes  the  un 
dersigned  to  modify  and  increase  the  sum  which,  in  his  opinion,  the  government  could 
well  afibrd  to  pay  for  this  machine  and  the  losses  its  action  has  inflicted. 

When  the  contractor  undertook  to  build  this  machine  he  confidently  expected  tha 
it  would  be  completed  within  six  months,  whereas  nearly  five  years  wer3  consumed 
in  its  perfection.  This  is  nearly  one-third  of  the  entire  life  of  his  valuable  patents, 
and  involves  a  loss  to  him,  without  any  fault  of  his,  which,  though  doubtless  great,  it 
would  be  difficult  accurately  to  estimate. 

It  rarely  happens  in  the  development  of  any  new  invention  that  the  first  construc- 
tion does  more  than  show  what  may  be  accomplished  in  succeeding  efi'orts.  In  the 
present  instance,  however,  so  thoroughly  were  all  the  details  digested,  and  such  fre- 
quent changes  made  in  drawings  before  they  passed  into  the  hands  of  the  workman, 
that  this  first  machine  forms  a  marked  exception  to  the  general  rule,  and  is  more  per- 
fect in  all  its  parts  than  could  have  been  reasonably  expected  under  the  terms  of  the 
contract.  This  result,  however,  has  not  been  accomplished  without  long  and  laborious 
study,  and  a  corresponding  increase  of  expense  to  the  contractor.  Since  the  govern- 
ment is  thereby  the  gainer,  it  can  well  afibrd  to  ofl"er  a  substantial  compensation  there- 
for. Had  the  contractor  failed  to  raise  the  necessary  funds  to  complete  the  machine  in 
accordance  with  his  high  standard  of  excellence,  the  undersigned,  though  conversant 
with  the  testing-machines  used  by  the  principal  nations,  knows  of  none  which  could 
have  been  procured  combining  all  of  the  desired  qualities  to  the  extent  of  that  the 
United  States  now  possesses.    No  one  who  has  witnessed  the  facility  of  its  operation, 
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aud  inul»'iK(o(nl  the  prin('ij)lt'8  upon  whicli  it  in  based,  han  failed  to  ai)pr(}ciatc  and  be 
imi)reNsod  with  t\w  delicacy  and  accuracy  of  itw  detcrminatiouH.  This  is  a  matter  of 
uo  HUiall  importance,  Hinc(^  it  is  to  form  the  standard  throughout  the  country  for  meas- 
uring such  strains  as  are  ordinarily  determined  by  testing-machines.  Its  r(;i>utatioii 
is  not  contined  to  this  continent,  but  wherever  a  knowledge  of  its  capabilities  has  ex- 
tended itreliects  credit  u})on  the  Ameri(;an  name. 

Under  thesti  circumstances  the  government  can  well  afford  to  be  liberal  with  the 
contractor  and  make  a  fair  compensation  to  liim  for  his  great  creative  power  and  un- 
remitting labor  during  the  five  best  years  of  his  life. 

The  amount  of  $200,000,  if  now  paid  by  Congress,  would  not,  in  the  judgment  of  the 
undersigned,  be  excessive,  or  more  than  sufficient  to  pay  the  contractor  a  fair  equiva- 
lent for  his  unusual  devotion  to  the  interests  of  the  government,  the  work  performed 
by  him,  and  the  losses  sustained  during  tlie  time  that  lie  luis  given  up  his  undivided 
energies  to  this  undertaking. 

T.  T.  S.  LAIDLEY, 
Colonel  of  Ordnance,  Commanding. 

We,  the  undersigned,  formerly  members  of  the  United  States  Board  for  Testing  Iron 
and  Steel,  had  supposed  that  the  testing-machine  had  cost  the  sum  stated  by  the  con- 
tractor, and  no  one  who  has  seen  the  machine  will  be  surprised  to  learn  that  it  has 
really  cost  a  larger  sura,  as  ascertained  by  the  contractor  in  making  up  his  accounts. 
We  fully  agree  with  Colonel  Laidley  in  all  his  remarks  with  regard  to  the  quality 
I   and  value  of  the  machine  and  the  services  rendered  by  Mr.  Emery  in  designing  and 
I   constructing  it.    And  we  think  that  he  is  justly  entitled  to  compensation  for  its  cost 
I   as  shown  and  the  allowance  he  asks  as  a  contractor,  and  that  he  should  be  paid  for 
his  time  and  the  use  of  his  patents  in  the  construction  of  said  machine.    We  also 
think  that  Congress  and  the  country  can  well  afford  to  pay  him  the  sum  of  |200,000 
to  settle  his  claim,  and  should  any  part  of  the  cost  of  the  machine  or  other  part  of 
hi  claim  be  for  any  cause  disallowed,  we  would  still  reconnnend  that  a  sum  not  less 
than  $200,000  be  paid  him  in  recogniticm  of  his  genius,  fidelity,  and  services  ;  and  if 
not  paid  now  we  would  recommend  a  larger  sum  hereafter  as  including  compensation 
for  delay. 

WM.  SOOY  SMITH,  C.  E. 
A.  L.  HOLLEY. 
Q.  A.  GILLMORE, 
Lieut.  Col.  Eng.,  Bvt.  Maj.  Cen. 

[3(1  iDdorsement.] 

Ordnance  Office,  War  Department, 
I  Washington,  April  13,  1880. 

!  Respectfully  returned  to  the  Secretary  of  War,  inviting  special  attention  to  the  in- 
dorsement of  Colonel  Laidley,  president  of  the  late  Board  on  Steel  and  Iron,  and  the 
views  of  a  majority  of  the  members.  The  other  members  of  the  board,  ])eing  absent 
or  sick,  have  not  been  consulted. 

As  stated  in  my  indorsement  of  February  18,  1879,  herewith,  I  know  nothing  of  the 
merits  but  wiiat  is  made  to  appear  by  these  papers.  The  inventor  has  produced  a 
testing-machine  believed  to  be  the  most  reliable  and  perfect  in  the  world,  and  reflect- 
ing the  greatest  credit  on  the  inventive  genius  and  mechanical  skill  of  one  of  our  citi- 
zens. No  one  can  question  the  fact  that  in  the  la^^dable  desire  to  do  his  whole  duty 
to  the  country,  and  give  it  the  master-piece  of  his  designing  and  constructive  faculty, 
he  has  seriously  inv^olved  himself  pecuniarily,  and  has  not  received  any  compensation 
for  his  very  arduous  labors.  In  the  construction  of  this  machine  he  has  expended 
large  sums  over  and  above  the  amount  paid  him  under  the  contract. 

It  is  a  case  thaf  ai)peals  strongly  to  our  sympathies,  and  to  our  sense  of  justice 
equitably  rendered.  In  this  view  I  respectfully  recommend  this  matter  to  favorable 
consideration. 

S.  V.  BENET, 
Brig.  Gen.,  Chief  of  Ordnance. 

20.  The  documents  before  us  show  that  the  claimant  has  not  only  been 
waiting  for  the  money  equitably  due  him  since  the  time  when  the  machine 
was  accepted,  but  that  a  large  part  of  the  disbursements  now  to  be  re- 
funded were  made  during  the  period  from  1873  to  1879 ;  and  it  would 
have  been  but  reasonable,  in  a  work  of  this  magnitude,  that  payments 
should  have  been  made  by  the  government  from  time  to  time  as  ex- 
penses occurred.  It  will  be  seen  that  the  President,  Secretary  of  War, 
Chief  of  Ordnance,  and  president  and  members  of  the  board  all  recom- 
mend speedy  and  favorable  consideration. 
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21.  Your  committee  recommend  an  appropriation  of  $200,000,  as  pro- 
vided for  in  House  bill  No.  5990. 

22.  Legislation  in  reference  to  this  machine  maybe  found  in  the  regular 
appropriation  bills  (vide  Army  bill,  approved  March  3,  1873;  sundry 
civil  bill,  approved  March  3,  1875  sundry  civil  bill,  approved  June  20, 
1878 ;  Army  bill,  approved  May  4, 1880,  appropriating  money  for  the  use 
of  this  machine). 

Your  committee  therefore  report  the  accompanying  bill  as  a  new  draft 
of  the  one  committed  to  your  committee,  and  recommend  that  the  same 
do  pass.    ( Vide  H.  E.  6373.) 


APPENDIX  18. 


THE  MILITIA. 
[House  Report  No.  7G3,  4Gtb  Congress,  2(1  Session.] 

Mr.  Scales,  from  tlie  Committee  on  the  Militia,  submitted  the  follow- 
ing report  (to  accomiiany  bill  H.  E.  5G38): 

The  Committee  on  the  Militia,  to  tvhom  have  been  referred  the  hills  [H.  R.  992, 
H.  R.  4889,  and  H.  B.  4979)  "  to  reorganize  and  discipline  the  militia  of 
the  United  States respectfully  report  : 

That  no  material  change  has  been  made  in  the  militia  law  since  its 
'  original  enactment  in  1792.  The  provisions  of  the  law  have  become  ob- 
solete and  impracticable,  and  for  many  years  there  has  been  no  pretense 
of  regarding  them  or  attempt  to  enforce  them.  Believing,  therefore, 
that  there  can  be  no  dissent  to  the  necessity  of  some  action,  the  com- 
mittee have  endeavored  to  frame  a  bill  which,  without  changing  the 
nature  of  the  long-established  relations  between  the  general  government 
and  the  militia  of  the  States,  might  replace  provisions  that  have  become 
obsolete  or  that  experience  has  proven  impracticable  by  others  that 
would  make  the  militia  an  efficient  and  important  factor  in  the  economy 
of  national  defense.  In  this  view  the  committee  report  the  accompany- 
ing bill  as  a  substitute  for  the  several  bills  referred  to  them  and  recom- 
mend its  passage. 

The  committee  feel  that  it  should  be  sufficient  for  them  to  submit  this 
bill  without  further  comment  than  was  made  on  the  subject  by  Wash- 
ington, when  he  said  to  Congress  that  "it  is  unnecessary  to  offer  argu- 
ments or  recommendations  of  a  measure  on  which  the  honor,  safety,  and 
well-being  of  our  country  so  evidently  and  so  essentially  depend."  Never- 
theless, as  the  subject  is  one  that  has  occupied  the  attention  of  Congress 
since  the  formation  of  our  government,  we  are  constrained  to  add  a 
brief  review  of  the  questions  involved,  in  the  hope  that  it  may  assist  in 
their  intelligent  consideration. 

The  purpose  and  opinion  of  the  founders  of  our  government  is  un- 
equivocally expressed  in  the  second  amendment  to  the  Constitution, 
which  declares,  "A  well-regulated  militia  being  necessary  to  the  security 
of  a  free  State."  The  unvaried  agreement  of  all  subsequent  writers  and 
statesmen  with  this  assertion  might  well  cause  us  to  view  with  some 
alarm  the  fact  that  all  attempts  to  secure  an  efficient  militia  have  hitherto 
signally  failed.  While  all  agree  that  the  perpetuity  of  a  republican  form 
of  government  depends  on  maintaining  a  well-regulated  militia,  the  fact 
has  been  demonstrated  that  under  no  other  form  of  government  is  it  so 
difficult,  owing  to  the  indisposition  of  the  people  to  submit  to  the  en- 
forcement of  military  duty  in  time  of  peace. 

Washington,  in  his  annual  message  to  Congress  in  1794,  said:  '^The 
devising  and  establishing  of  a  well-regulated  militia  would  be  a  genuine 
source  of  legislative  honor,  and  a  perfect  title  to  public  gratitude."  The 
wisdom  of  this  assertion  has  been  proven  by  the  subsequent  failure  of 
all  attempts  at  legislation.  Nevertheless  your  committee  are  convinced 
that  the  solution  of  the  difficulties  is  now  easy,  not  through  any  supe- 
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rior  wisdom  of  our  own,  but  because  time  and  experience  bave  solved 
the  difficulties  for  us.  This  solution  we  conceive  to  be  to  substitute  a 
volunteer  militia  in  place  of  enforced  militia  duty,  believing  that  our 
population  has  reached  such  a  number  that  the  volunteer  militia  of  the 
States  will  be  sufficiently  large  and  efficient  for  all  the  i)urposes  for  which 
militia  can  or  ever  should  be  used. 

The  committee,  deeming  that  it  may  be  interesting  and  perhaps  aid  iM 
considering  the  propositions  submitted,  preface  their  own  recommenda- 
tions with  the  following  brief  outline  of  the 

HISTORY  OF  THE  MILITIA  LAW: 

No  subject,  unless  it  be  that  of  finance,  has  so  long  and  so  often  en- 
gaged the  attention  of  Congress  as  that  of  the  militia,  and  on  none  have 
more  able  and  exhaustive  reports  been  written  by  those  whose  slightest 
utterances  we  have  been  taught  to  honor  and  respect.  The  records  of 
Congress  are  filled  with  messages  from  Presidents,  reports  of  executive 
officers,  reports  of  committees  of  both  houses  of  Congress,  and  with 
plans  and  bills  for  the  improvement  and  organization  of  the  militia,  to 
attempt  even  a  brief  outline  of  which  would  far  exceed  the  proper  limits 
of  this  report.  We  cannot,  therefore,  do  more  than  give  a  brief  outline 
of  the  most  salient  features  in  the  history  of  the  subject. 

On  July  18,  1775,  the  Continental  Congress  passed  a  series  of  resolu- 
tions recommending  "to  the  inhabitants  of  all  the  United  English  Colo- 
nies in  North  America  that  all  able-bodied  effective  men  between  six- 
teen and  fifty  years  of  age  in  each  colony  immediately  form  themselves 
into  regular  companies  of  militia."  One  of  these  resolutions  is  particu- 
larly suggestive,  as  it  contains  the  germ  of  the  volunteer  system  which 
has  now  grown  to  such  proportions  that  we  have  been  led  to  recommend 
its  recognition,  and  is  as  follows : 

That  one-fourth  part  of  the  militia  in  every  colony  be  selected  for  minute  men,  of 
such  persons  as  are  willing  to  enter  into  the  necessary  service,  *  *  *  and  as  these 
minute  men  may  eventually  be  called  to  action  before  the  whole  body  of  the  militia 
are  sufficiently  trained,  it  is  recommended  that  a  more  particular  and  diligent  atten- 
tion be  paid  to  their  instruction  in  military  discipline. 

On  the  formation  of  the  Federal  Oovernment  one  of  the  earliest  acts 
of  the  first  House  of  Eepresentatives,  in  1789,  was  the  appointment  of 
a  committee  to  prei)are  a  bill  to  organize  the  militia.  The  session  ad- 
journed before  the  committee  made  a  report,  but  at  the  following  ses- 
sion, in  1790,  General  Knox,  Secretary  of  War,  submitted  his  celebrated 
plan  for  organizing  the  militia,  accomi>anying  it  by  a  letter  of  transmit- 
tal which  is  remarkable  for  its  terse,  striking,  and  strong  arguments. 
His  plan,  in  brief,  was  that  every  boy  on  arriving  at  the  age  of  eighteea 
years  should  be  enrolled  in  the  cadet  corps  of  militia  and  be  obliged  to 
serve  in  camp  of  instruction  thirty  days  in  each  of  first  two  years  and 
ten  days  the  third  year,  and  that  no  person  arriving  at  the  age  of  twen- 
ty-one years  should  be  entitled  to  exercise  the  rights  of  a  citizen  unless 
he  could  produce  his  certificate  of  having  so  served  ;  all  citizens  between 
twenty-one  and  forty-five  years  of  age  were  to  be  enrolled  in  the  main 
corps  of  militia  and  be  obliged  to  drill  four  days  in  each  year ;  and  be- 
tween forty-five  and  sixty  years  of  age  to  be  enrolled  in  the  reserve  corps, 
which  should  be  assembled  twice  in  each  year  for  inspection  of  arms. 
Under  his  plan  the  general  government  was  to  furnish  uniform,  arms, 
equipments,  and  bear  all  the  expenses  of  the  camjjs  of  instruction. 

The  features  of  General  Knox's  plan  were  embodied  in  a  bill  by  a  com- 
mittee of  the  House  of  Eepresentatives,  and  the  subject  was  discussed 
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through  the  two  Huccoeding"  nesaions  until  all  of  its  original  features 
were  changed  or  modified,  and  the  act  of  May  8,  1792,  finally  agreed 
upon  and  enacted.  As  this  is  the  law  still  in  force,  we  reserve  a  detailed 
explanation  of  its  provisions,  and  simply  state  here  that  its  main  feature 
is  that  every  citizen  between  eighteen  and  forty-five  years  of  age  shall 
be  enrolled  in  the  militia  and  sh^Jl  arm  and  equip  himself  at  his  indi- 
vidual expense.  This  law  was  found  to  be  so  crude  and  inadequate  that 
it  became  the  subject  of  criticism  immediately  after  its  passage,  and  of 
efforts  to  amend  it  which  have  continued  to  the  present  time.  As  well 
expressed  by  Washington,  after  the  attempt  was  made  to  put  it  in  prac- 
tical oi)eration,  it  "  exhibited  such  striking  defects,  as  could  not  have 
been  supplied  but  by  the  zeal  of  our  citizens  " ;  and  in  his  annual  mes- 
sages to  each  succeeding  session  of  Congress,  during  his  two  terms  of 
office,  he  urged  that  the  evident  defects  of  the  law  be  remedied. 

In  the  session  succeeding  the  enactment  of  the  law  an  effort  was  made 
to  repeal  the  provision  requiring  every  citizen  to  arm  himself.  In  the 
next  following  session,  in  1794,  a  bill  was  reported  by  a  committee  of  the 
House  of  Representatives  to  organize  a  "  select  corps  "  of  militia,  to  be 
armed  and  equipped  by  the  general  government,  and  i)aid  for  service  in 
annual  camps  of  instruction.  Different  propositions,  having  in  view 
these  two  changes  in  the  militia  system,  were  discussed  in  successive 
sessions  until  1798,  when  the  threatening  condition  of  our  relations  with 
France  culminated  in  the  formation  of  a  provisional  army  and  other 
warlike  preparations  that  temporarily  suspended  consideration  of  the 
militia  system. 

Our  troubles  with  France  having  been  amicably  settled,  the  militia 
question  again  assumed  prominence,  and  Jefferson,  in  his  annual  mes- 
sages to  Congress,  importuned  them  to  take  some  action.  It  was  chiefly 
through  his  earnest  efforts  that  the  law  of  April  23,  1808  (section  1661 
Revised  Statutes),  was  passed,  making  a  permanent  appropriation  of 
$200,000  a  year  to  provide  arms  and  equipments  for  the  militia.  Some- 
what curiously,  however,  the  requirement  of  the  old  law  that  every  cit- 
izen should  arm  and  equip  himself  was  not  repealed,  and  still  remains 
the  statute. 

As  the  country  was  rapidly  increasing  in  population  the  uselessness 
of  requiring  active  military  duty  from  the  whole  body  of  citizens  became 
more  apparent,  and  was  felt  to  be  an  unnecessary  burden.  Jefferson,  in 
his  annual  message  in  1805,  recommended  that  the  militia  be  classified 
according  to  ages,  and  thought  that  those  from  eighteen  to  twenty-six 
years  of  age  would  form  a  sufficiently  large  body  to  be  subjected  to  any 
duty  in  time  of  peace.  This  proposition  was  taken  up  by  Congress,  and 
in  various  forms  was  the  subject  of  debate  in  successive  sessions,  until 
the  war  of  1812  put  an  end  to  the  discussion  without  any  result  having 
been  reached. 

Madison  was  almost  as  urgent  in  his  appeals  to  Congress  to  amend 
the  militia  law  as  Jefferson  had  been.  In  his  annual  message  in  1810 
he  advanced  a  new  i)roposition  in  the  suggestion  that  the  commissioned 
and  non-commissioned  officers  of  the  militia  should  be  assembled  in 
annual  camps  of  instruction  at  the  expense  of  the  general  government; 
and  in  his  last  annual  message,  in  1816,  he  earnestly  recommended  a 
reorganization  of  the  militia,  and  classifying  them  according  to  age. 

Prompted  by  the  recommendations  of  Madison,  the  Fourteenth  Con- 
gress, in  1816,  directed  the  Secretary  of  War  to  prepare  and  report  a 
plan  for  the  organization  of  the  militia.  Secretary  of  War  Craham  re- 
ported to  the  following  session,  recommending  that  the  militia  be  divided 
into  three  classes  according  to  age,  and  that  the  two  younger  classes  be 
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required  to  assemble  aniuially  in  camps  of  instruction  and  be  armed, 
equipped,  and  subsisted  at  the  expense  of  the  general  government.  This 
report  was  referred  to  a  committee  of  which  General  Harrison  (then  a  Eep- 
resentative  from  Ohio)  was  chairman.  Harrison  took  a  deep  interest  in 
the  subject,  and  presented  a  careful  report.  He  deemed  it  essential  that 
the  whole  body  of  the  people  should  be  instructed  in  military  matters, 
and  for  this  purpose  recommended  that  military  instruction  be  made  a 
branch  of  education  in  every  school  in  the  country.  Believing  that  it 
would  entail  too  great  an  expenditure  of  time  and  money  to  subject  the 
whole  enrolled  militia  to  drill  and  military  training,  he  revived  the  prop- 
ositions first  made  by  President  Madison,  and  recommended  that  the 
officers  and  sergeants  be  assembled  annually  in  camps  of  instruction, 
be  paid  for  their  time,  and  be  thoroughly  drilled  and  instructed  at  the 
expense  of  the  general  government,  which  he  estimated  would  amount 
to  about  one  and  a  half  million  dollars  a  year.  Harrison  continued 
the  agitation  of  the  subject  while  he  remained  in  Congress,  and  made 
reports  in  1818  and  1819  urging  action. 

Various  bills  and  propositions  were  introduced  and  discussed  from 
1819  to  1825,  most  of  them,  however,  agreeing  in  classifying  the  militia 
so  that  only  a  small  portion  of  it  should  be  subject  to  any  duty  in  time 
of  peace,  and  that  this  portion  should  be  maintained  at  the  expense  of 
the  general  government. 

In  1825  Secretary  of  War  Barbour  addressed  a  circular  letter  to  the 
governors  of  all  the  States  and  to  many  citizens  most  prominent  in  mili- 
tary and  civil  life,  setting  forth  that  it  had  long  been  apparent  that  some 
change  in  the  militia  law  was  necessary,  and  asking  their  views  on  the 
subject.  He  then  convened  a  board  composed  of  some  of  the  most  dis- 
tinguished officers  of  the  Army  and  Militia  for  the  purpose  of  considering 
the  question,  and  submitted  to  them  the  voluminous  correspondence  that 
had  resulted  from  his  circular  letter.  It  is  worthy  of  note  that  the  presi- 
dent of  this  board  was  Winfield  Scott,  then  a  major-general  in  the  Army, 
and  that  Zachary  Taylor,  then  a  lieutenant-colonel  of  artillery,  was  one 
of  the  members.  The  militia  were  represented  on  the  board  by  General 
Cadwalader  of  Pennsylvania,  General  Sumner  of  Massachusetts,  and 
General  Daniel  of  North  Carolina. 

The  report  of  this  board  (S.  Docs.,  second  session  Nineteenth  Congress, 
vol.  1),  together  with  all  the  papers  and  correspondence  connected  with 
it,  was  transmitted  to  Congress  by  the  President.  The  board  reported 
that  they  considered  the  primary  defect  of  the  militia  law  to  be  in  the 
excess  of  numbers  which  it  held  to  service.  They  recommended  that  a 
select  corps  of  militia  be  formed,  to  consist  in  each  State  of  one  brigade 
for  every  Congressional  Representative,  and  that  the  officers  of  this 
select  militia  be  assembled  in  camps  of  instruction  ten  days  in  each  year, 
and  be  paid  by  the  general  government  for  their  time  and  traveling  ex- 
penses. They  also  recommended  that  the  office  of  adjutant-general  of 
militia  be  created,  and  that,  on  the  application  of  State  executives,  the 
United  States  should  furnish  officers  to  instruct  the  annual  camps. 

From  1826  to  1835  the  unanimity  of  opinion  as  to  the  absolute  neces- 
sity of  some  change  in  the  militia  law  was  only  equaled  by  the  diversity 
of  opinion  as  to  what  that  change  be,  and  resulted  in  unproductive  dis- 
cussion of  numerous  bills  and  propositions  that  were  submitted. 

In  1835  President  Jackson,  in  his  annual  message,  urged  Congress,  in 
his  usual  forcible  style,  to  give  their  attention  to  the  subject,  and  among 
other  things  recommended  that  volunteer  organizations  be  encouraged 
and  inducements  held  out  for  their  formation.  The  Secretary  of  War 
(General  Cass),  in  his  annual  report,  gave  his  views  on  the  subject,  and 
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represented  the  necessity  of  some  lej^islation.  Urgent  effort  was  made 
in  Oonj^ress  to  secure  agreement  to  some  i)lan,  but  without  success. 

In  1S40  Secretary  of  AVar  Poinsett  submitted  a  i)hxn  to  Congress.  Ap- 
parently^ despairing  of  securing  agreement  to  any  phin  that  simi)ly  changed 
and  i)erpetuated  the  existing  system,  lie  juoposed  a  radical  reform  that 
stretched  the  constitutional  powers  of  the  general  government  to  such 
an  extent  as  to  cause  opposition  to  it  on  that  ground.  His  plan  was  to 
divide  the  militia  into  three  classes — the  active,  reserve,  and  mass.  The 
active  militia  to  consist  of  100,000  men,  apportioned  to  the  respective 
States,  and  each  State  to  be  required  to  keep  its  quota  tilled  at  all  times, 
either  by  voluntary  enlistment  or  draft.  One  fourth  of  the  active  militia 
to  go  out  of  service  annually  and  be  enrolled  in  the  reserve  corps.  The 
mass  ot  the  militia  not  to  be  subject  to  any  duty  in  time  of  peace.  He  pro- 
posed that  Congress  should  by  law  authorize  the  President  to  order  the 
active  militia  into  the  service  and  pay  of  the  United  States  for  thirty  days 
in  each  year  for  the  purpose  of  placing  them  in  camps  of  instruction. 

This  appears  to  have  been  the  last  decided  attempt  to  save  the  de- 
caying system  from  dissolution,  with  the  exception  of  an  effort  in  1846, 
when  a  bill  was  reported  to  remedy  the  excess  of  number  of  the  militra 
by  limiting  the  enrollment  in  time  of  peace  to  those  between  twenty-one 
and  thirty  years  of  age,  who  should  be  formed  into  a  legion  of  active 
militia  in  each  State,  the  officers  of  which  should  serve  annually  in  camps 
of  instruction  at  the  expense  of  the  general  government. 

The  militia  system,  by  this  time,  was  virtually  dead ;  during  the  many 
years  devoted  to  debating  a  remedy  for  its  defects  it  had  gradually  sunk, 
until  it  no  longer  existed  except  on  the  statute-book.  In  the  mean  time, 
in  all  the  States,  by  a  process  of  ''natural  selection,"  there  had  sprung 
up  volunteer  organizations  of  militia,  and  the  States,  by  fostering  and 
encouraging  them,  had  supplied  the  deficiencies  of  the  general  law. 
These  volunteer  organizations  made  possible  and  gave  efficiency  to  that 
splendid  body  of  volunteers  whose  soldierly  qualities  and  deeds  of  valor 
in  the  Mexican  war  gave  such  renown  to  our  arms.  After  that  war  still 
greater  interest  was  manifested  in  the  volunteer  militia ;  the  States 
devoted  to  them  the  meager  supply  of  arms  and  equipments  obtained 
annually  from  the  general  government,  which  in  many  instances  they 
supplemented  by  large  appropriations  of  their  own,  and  the  volunteer 
militia  continued  to  increase  in  numbers  and  efficiency'  until  the  break- 
ing out  of  the  "  war  of  the  rebellion."  Of  that  fearful  struggle  it  is  safe 
to  say  that  the  magnificent  armies  which  were  so  quickly  formed  on  both 
sides  were  only  made  possible  by  the  fact  that  the  efforts  of  regularly 
educated  officers  in  drilling  and  disciplining  them  were  supplemented 
by  those  who  had  received  a  partial  military  training  in  the  volunteer 
militia. 

Just  before  the  war,  in  1860,  an  earnest  effort  was  made  in  the  House 
of  Kepresentatives  to  increase  the  annual  appropriation  for  furnishing 
arms  and  equipments  to  t^e  militia.  In  urging  the  measure,  Mr.  Yal- 
landigham  reviewed  the  militia  system  and  spoke  of  the  volunteer  sys- 
tem replacing  it,  asserting  that  they  would  "  in  time  become  the  i^^ational 
Guard  of  America." 

After  the  close  of  the  war  of  the  rebellion"  another  most  decided 
effort  was  made,  both  in  the  House  and  Senate,  to  reorganize  the  militia, 
or  rather  to  create  a  new  militia  system,  and  several  bills  for  that  pur- 
pose were  introduced  in  the  Thirty-ninth  Congress.  Although  none  of 
these  bills  were  passed,  they  contained  provisions  that  are  interesting 
and  suggestive,  and  some  that  went  to  the  extreme  limit,  iftheydidnot 
go  beyond  the  constitutional  power  of  Congress  in  the  premises.    It  was, 
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however,  a  purpose  common  to  all  the  bills  to  form  an  active  volunteer 
militia,  and  that  seemed  to  be  accepted  as  the  true  solution  of  the  militia 
question. 

This  closes  the  history  of  the  efforts  to  achieve  a  satisfactory  militia/ 
system,  with  the  exception  of  an  interesting  report  by  the  Chief  of 
Ordnance  (S.  Ex.  Doc.  22,  second  session  Forty-fifth  Congress),  and  are- 
port  by  the  Senate  Committee  on  Military  Affairs  (S.  Rei)ort  56,  second 
session  Forty-fifth  Congress),  both  recommending  that  the  permanent 
appropriation  for  providing  arms  and  equipments  for  the  militia  be  in- 
creased to  $1,000,000  a  year. 

Whether  your  committee  have  gleaned  any  wisdom  from  their  exam- 
ination of  the  history  of  this  question  which  will  make  their  solution  of 
it  worthy  of  your  attention,  or  whether  our  efforts  will  simply  mark 
another  era  in  the  history  of  futile  attempts  to  secure  legislation  on  this 
important  subject,  remains  to  be  seen. 

Before  proceeding  to  present  our  own  conclusions  and  views  on  the 
subject,  we  deem  it  desirable  that  its  premises  should  be  thoroughly 
understood,  and  we  therefore  first  present  brief  recitals  of  the  details  of 
the  present  law,  of  the  details  of  proposed  law,  and  of  the  leading 
points  of  difference  between  them,  in  the  hope  that  they  may  enable  an 
intelligent  consideration  of  the  matter. 

DETAILS  OF  PRESENT  LAW. 

Sections  1625,  1626, 1627  for  the  enrollment  of  the  militia  are  pro- 
vided for  in  section  1  of  proposed  bill. 

Section  1628,  requiring  every  citizen  to  arm  and  equip  himself,  is 
obsolete. 

Section  1629,  giving  list  of  persons  exempt  from  militia  duty,  is  un- 
necessary, as  proposed  bill  provides  solely  for  a  volunteer  militia.  If 
reserve  militia  is  ever  called  into  service  it  would  only  be  by  act  of  Con- 
gress, which  would  specify  the  persons  to  be  exempt  from  the  call. 

Sections  1630,  1631,  1632,  giving  in  detail  the  organization  of  the 
mihtia,-  are  provided  for  by  the  general  provision  in  section  4  of  pro- 
posed bill  that  their  organization  shall  conform  as  closely  as  practicable 
to  that  prescribed  for  the  Regular  Army. 

Section  1633,  requiring  officers  to  provide  colors  and  music,  is  obso- 
lete. 

Section  1634,  that  there  be  an  adjutant- general  in  each  State,  is  pro- 
vided for  in  section  11  of  proposed  bill. 

Section  1635,  prescribing  what  reports  officers  of  the  militia  shall 
make,  is  omitted  in  proposed  bill  as  a  matter  more  proper  to  be  regu- 
lated by  the  States. 

Section  1636,  requiring  an  annual  report  to  be  made  by  the  adjutant- 
general  of  each  State,  is  provided  for  in  section  11  of  proposed  bill. 

Section  1637,  that  system  of  discipline  and  iield  exercise  shall  be  the 
same  as  in  the  Regular  Army,  is  retained  with  verbal  alterations  as  sec- 
tion 5  of  proposed  bill. 

Section  1638,  regulating  seniority  of  commissioned  officers  of  same 
rank,  is  retained  as  section  22  of  proposed  bill,  with  verbal  alterations 
making  it  applicable  only  when  militia  is  in  the  service  of  the  United 
States. 

Section  1639,  that  militia  wounded  in  service  shall  be  cared  for  at 
public  expense,  is  provided  for  in  general  provisions  of  section  19  of  pro- 
posed bill. 

Section  1640,  prescribing  duties  of  brigade  inspectors,  is  obsolete. 
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Provision  tor  ins[)ection  of  the  militia  is  made  in  section  1  i  ol'  proposed 
bill. 

Section  1641,  lecognizing  si)ecial  privileges  accorded  by  any  of  the 
States  to  existing  organizations,  is  retained  as  section  6  of  i)roposed 
bill. 

Section  1642,  anthorizing  President  to  order  militia  into  service  of  the 
United  States,  is  provided  for  in  section  19  of  proposed  bill,  and,  in  ac- 
cordance with  the  theory  of  the  bill,  limited  to  the  active  or  volunteer 
militia. 

Section  1G43,  that  the  President,  in  calling  out  the  militia,  shall  ap- 
portion it  among  the  States,  is  omitted  in  proposed  bill. 

Section  1644,  that  militia  in  service  shall  be  governed  same  as  Regu- 
lar Army,  is  provided  for  in  general  provisions  of  section  19  of  proposed 
bill. 

Sections  1645,  1646,  1647,  prescribing  how  militia  shall  be  organized 
when  called  into  service,  are  provided  for  in  section  4  of  proposed  bill. 

Section  1648,  that  in  calling  out  militia  the  President  shall  specify 
length  of  time,  which  shall  not  exceed  nine  months,  is  provided  for  in 
section  19  of  proposed  bill. 

Section  1649,  penalty  for  disobeying  order  calling  into  service,  is  pro- 
Tided  for  in  section  20  of  proposed  bill,  changing  penalty  to  that  pre- 
scribed for  desertion. 

Section  1651,  prescribing  when  pay  shall  commence,  is  superfluous, 
and  is  omitted  in  proposed  bill. 

Section  1652,  allowing  one  day's  pay  for  every  twenty  miles'  travel,  is 
retained  as  section  21  of  proposed  bill,  changing  it  to  fifty  miles. 

Section  1653,  regulating  allowance  for  forage  and  use  of  horses  in 
service,  is  changed  and  provided  for  in  section  23  of  proposed  bill.  ^ 

Section  1654,  to  regulate  liability  for  expense  of  marching  militia  to 
place  of  rendezvous  when  called  into  service,  is  surperfluous,  and  is 
omitted  in  proposed  bill. 

Section  1655,  allowing  militia  called  into  service  on  western  frontier 
extra  rations,  is  obsolete. 

Section  1656,  that  pensions  shall  be  allowed  to  widows  and  children 
of  militiamen,  is  provided  for  in  the  general  provisions  of  section  19  of 
I)roposed  bill. 

Section  1657,  allowing  pensions  to  volunteers  and  militia  who  were 
disabled  in  service  against  Florida  Indians,  is  obsolete,  and  belongs  to 
the  general  pension  laws. 

Sections  1658,  1659,  1660,  that  courts-martial  for  the  trial  of  militia 
shall  be  composed  of  militia  oificers  only,  and  providing  for  the  collec- 
tion of  fines  imposed,  are  omitted  in  proposed  bill,  as  applicable  only 
when  the  militia  are  in  the  service  of  the  United  States,  and  it  is  pro- 
vided that  when  in  service  they  shall  be  governed  by  the  rules  and  reg- 
ulations of  the  army. 

Section  1661  makes  a  permanent  api)ropriation  of  $200,000  a  year  to 
provide  arms  and  equipments  for  the  militia.  Sections  6  and  7  of  the 
proposed  bill  abolish  this  system,  and  provide  that  the  active  militia 
shall  be  fully  armed  and  equipped,  and  leave  it  in  the  hands  of  Con- 
gress to  make  annual  appropriations  for  that  purpose. 

DETAILS  OF  PROPOSED  LAW. 

Section  1  provides  that  all  citizens  between  eighteen  and  forty-five 
years  of  age  shall  be  enrolled  in  the  militia.    This  is  existing  law. 
Section  2  divides  the  militia  into  two  classes — the  active  and  inactive. 
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The  purpose  of  this  division  is  to  recognize  the  volunteer  militia  of  the 
States  as  the  militia  de  facto.  As  this  is  the  key  of  the  proposed  change 
in  the  militia  system,  we  shall  consider  it  more  in  detail  further  in  this 
report. 

Section  3  provides  that  the  active  militia  shall  consist  of  the  militia 
organized  under  the  laws  of  the  respective  States.  As  the  term  of  en- 
listment in  the  volunteer  militia  varies  under  the  militia  laws  of  differ- 
ent States,  it  is  deemed  desirable  to  add  the  proviso  that  to  entitle  them 
to  arms  and  equipments  the  enlistment  shall  notbefor  a  less  period  than 
three  years.  In  order  to  prevent  any  question  that  might  arise  if  the 
term  of  enlistment  of  a  militiaman  should  expire  while  he  is  in  the  serv- 
ice of  the  United  States,  a  further  proviso  is  added  that  his  enlistment 
shall  contain  a  condition  to  cover  that  contingency. 

Section  4  provides  that  the  organization  of  the  active  militia  shall  con- 
form as  closely  as  practicable  to  that  of  the  Eegular  Army. 

Section  5  is  a  clause  similar  to  existing  law  to  provide  that  same  sys- 
tem of  drill  and  tactics  shall  be  used  by  the  active  militia  as  is  prescribed 
for  the  Eegular  Army. 

Section  6  is  a  transcript  of  clause  in  existing  law  to  provide  for  recog- 
nizing as  a  portion  of  the  active  militia  any  privileged  volunteer  organ- 
izations that  exist  in  the  States. 

Section  7  specifies  the  kinds  and  amounts  of  arms,  equipments,  uni- 
forms, and  cami)  equipage  that  shall  be  furnished  by  the  general  gov- 
ernment to  the  active  militia,  and  is  an  important  feature  in  the  pro- 
posed change  in  the  militia  system,  as  it  sulDstitutes  these  specifications 
for  the  existing  permanent  appropriation  of  $200,000  a  year  for  this  pur- 
pose. As  the  States  have  already  in  possession  arms  and  equipments 
heretofore  issued,  and  as  many  of  the  States  have  largely  overdrawn 
their  accounts  in  the  annual  allotment  of  the  permanent  appropriation, 
a  provision  is  added  to  this  clause  to  release  the  States  from  any  liabil- 
ity for  their  overdrawn  accounts,  and  to  require  them  to  account  for  the 
property  now  in  possession  as  a  part  of  the  allowance  made  by  this  act. 
As  the  bill  provides  that  the  active  militia  shall  be  armed  and  equipped 
by  the  general  government,  it  is  required  of  the  States,  to  entitle  them 
to  the  benefits  of  the  act,  that  they  shall  comply  with  the  provisions 
deemed  necessary  to  make  it  efficient  and  available  whenever  its  serv- 
ices may  be  required  by  the  general  government.  But  in  order  that 
immaterial  departures  from  the  requirements  of  the  law,  or  failure  under 
excusable  circumstances  to  comply  with  them,  may  not  be  construed  to 
the  prejudice  of  the  militia,  a  discretionary  power  is  left  with  the  Secre- 
tary of  War  to  authorize  the  issue,  if  he  deems  it  advisable. 

Section  8  provides  that  the  Secretary  of  War  shall  include  in  his  an- 
nual estimates  the  amount  of  money  required  to  carry  out  the  provisions 
of  the  bill,  and  places  the  whole  matter  of  supplying  the  militia  in  charge 
of  the  Ordnance  Department,  under  his  direction. 

Sections  9  and  10  provide  for  accountability  by  the  States  for  property 
issued  to  them,  and  supply  one  of  the  manifest  deficiencies  of  the  ex- 
isting law,  which  makes  no  provisions  on  the  subject. 

Sections  11  and  12  provide  for  annual  returns  to  be  made,  in  order 
that  Congress  may  be  fully  advised  of  the  condition  and  needs  of  the 
militia,  and  the  Executive  at  all  times  in  posession  of  necessary  in- 
formation as  to  its  availability  for  service. 

Section  13  prescribes  and  limits  the  use  of  the  service  uniform  by  the 
active  militia. 

Section  14  provides  that  to  entitle  them  to  to  be  provided  for  by  the 
general  government,  the  active  militia  shall  assemble  in  camps  of  in- 
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instruction  annually,  and  be  annually  inspected.  These  piovisions  are 
most  important,  as  it  is  only  through  their  agency  that  tlie  militia  can 
bo  brought  to  that  state  of  etTticiency  that  would  justify  the  government 
in  the  expenditure  necessary  to  maintain  it. 

Section  15  provides  that  oflicers  of  the  Kegular  Army  shall  be  present 
at  the  annual  inspections  of  the  militia,  to  make  observ^ations  as  to  their 
efficiency  and  to  examine  the  condition  of  the  public  jiroperty  in  their 
possession.  The  section  carefully  guards  against  any  exercise  of  uncon- 
stitutional authority  in  the  i)remises,  and  is  not  only  deemed  essential 
but  is  also  earnestly  desired  by  the  militia. 

Sections  10  and  17  have  for  tlieir  object  the  encouragement  of  rifle  prac- 
tice, and  for  such  competition  between  the  Militia,  the  Regular  Army, 
and  the  Navy,  as  must  result  in  great  benefit  to  each.  This  subject  is 
now  so  well  understood,  and  has  become  a  matter  of  so  much  national 
pride,  that  argument  in  favor  of  it  is  unnecessary. 

Section  18  provides  that  officers  of  the  Regular  Army  may  be  detailed 
to  serve  as  adjutants  in  the  active  militia.  This  provision  is  earnestly 
desired  by  the  militia,  and  as  it  can  be  complied  with  without  expense 
to  the  government,  and  when  availed  of  must  result  in  such  great  benefit 
to  the  militia,  it  is  deemed  a  wise  provision.  In  large  cities  in  which 
regiments  of  active  militia  exist  as  live  organizations,"  the  administra- 
tive business  of  the  regiment  is  so  great  that  it  is  almost  imi)ossible  to  find 
officers  who  can  spare  the  time  from  their  daily  avocations  to  discharge 
it.  There  is  not  only  no  compulsion  in  the  provisions  of  the  section, 
but  careful  provision  to  the  contrary.  It  is  obvious  that  supernumerary 
and  unemployed  officers  of  the  Regular  Army,  who  have  been  educated 
in  their  profession  at  the  public  expense,  cannot  be  better  employed 
than  in  assisting  the  eiibrts  of  the  militia  to  attain  efficiency,  whenever 
the  militia  request  it. 

Sections  19, 20, 21,  22,  and  23  make  the  necessary  provisions  for  author- 
izing the  President  to  order  the  active  militia  into  the  service  of  the 
United  States,  and  for  governing  them  while  in  the  service.  These 
IDrovisions  do  not  differ  materially  from  existing  law,  except  that  they 
are  better  arranged  and  more  concise,  and  are  made  applicable  to  the 
active  militia  only. 

Section  24  provides  that  the  reserve  militia  shall  only  be  called  into 
service  by  act  of  Congress.  No  contingency  could  arise  in  which  it  would 
be  proper  to  call  out  the  unarmed,  unorganized,  and  untrained  mass  of 
the  population  without  some  legislation  by  Congress  to  provide  specially 
for  it. 

Section  25  provides  for  the  appointment  of  a  board  of  officers  to  pre- 
pare a  system  of  rules  and  regulations  for  the  discipline  of  the  militia, 
to  select  a  uniform,  and  to  determine  the  kind  and  amount  of  ammuni- 
tion and  camp  equipage  that  shall  be  allowed  to  the  militia. 

Section  26  makes  an  appropriation  for  the  ensuing  fiscal  year.  As  the 
bill  repeals  existing  appropriation,  unless  an  appropriation  is  made  in 
the  bill  the  militia  would  be  without  any  supj)lies  whatever  during  the 
year  intervening  before  the  regular  estimates  of  the  Secretary  of  War 
would  be  appropriated  for. 

DIFFERENCES  BETWEEN  EXISTING  LAW  AND  PROPOSED  LAW. 

From  the  foregoing  statements  of  details,  it  is  apparent  that  the  lead- 
ing features  of  difference  between  existing  law  and  proposed  law  are 
as  follows : 

First.  To  substitute  a  volunteer  militia,  limited  in  number  in  time  of 
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peace,  for  the  existing  compulsory  system  tliat  applies  to  the  whole  body 
of  the  people,  and  which  has  become  so  inapplicable  as  to  be  utterly 
disregarded. 

Second.  To  make  such  provisions  as  will  aid  and  encourage  the  for- 
mation of  volunteer  organizations,  remove  the  disparity  in  their  numbers 
and  discipline  that  exists  between  different  States,  and  promote  their 
efficiency  to  a  common  standard  that  will  make  them  available  for  all 
the  purposes  for  which  a  militia  is  required. 

Third.  To  abolish  the  present  system  of  a  permanent  appropriation  to- 
provide  arms  and  equipments  for  the  militia,  and  substitute  provisions 
prescribing  with  what  arms  and  equipments  the  militia  shall  be  fur- 
nished, and  on  what  conditions — leaving  it  in  the  discretion  of  Congress- 
to  regulate  the  annual  appropriations  for  that  purpose. 

If  these  three  leading  points  are  agreed  upon  as  the  proper  remedy  for 
the  defects  in  the  militia  system,  the  details  necessary  to  carry  them 
into  effect  will  not  require  much  discussion. 

In  relation  to  the  first  feature,  the  substitution  of  the  volunteer  system, 
the  brief  sketch  we  have  given  of  the  history  of  the  militia  law  will 
have  made  it  apparent  that  the  chief  defect  of  the  existing  system  was 
early  recognized  to  be  in  the  excess  of  numbers  held  to  militia  duty  by 
it.  As  the  country  increased  in  population  this  excess  of  numbers  cor- 
respondingly increased,  until  the  law  has  now  become  a  practical  absurdity 
by  requiring  to-day  actual  militia  service  from  six  and  one-half  millions 
of  men.  We  have  seen  that  for  more  than  half  a  century  the  best  and 
wisest  statesmen  of  our  country  endeavored  to  procure  agreement  to 
some  plan  that  would  limit  the  militia  to  a  practicable  number,  in  order 
that  it  might  be  made  an  effective  body.  The  more  the  country  in- 
creased in  population,  and  the  more  the  population  became  absorbed 
in  the  pursuit  of  wealth  and  material  prosperity,  tlie  more  impracticable 
became  the  provisions  of  the  militia  law,  until  finally  it  sunk  into  such 
utter  contempt  that  all  pretense  of  regarding  it  ceased.  The  "  corn- 
stalk militia"  and  the  annual  '^trainings,"  with  all  their  accompanying 
parodies  on  military  efficiency,  remain  only  as  recollections  of  our  boyhood 
days.  Volunteer  organizations  gradually  increased  as  regard  of  existing 
law  decreased,  and,  though  unrecognized  by  the  general  law,  and  with- 
out any  of  the  aids  or  requirements  necessary  to  secure  efficiency,  they 
have  managed  to  maintain  a  precarious  existence,  and  have  unquestion- 
ably been  of  great  and  essential  service  to  the  country.  We  think  it 
good  policy  and  true  statesmanship  to  acknowledge  the  changes  and 
avail  ourselves  of  the  results  which  time  and  the  force  of  circumstances 
have  brought  about,  and  we  therefore  assent  to  the  proposition  that  the 
volunteer  militia  of  the  States — the  militia  in  fact — should  be  recognized 
as  the  militia  of  the  law,  and  provided  for  accordingly. 

On  the  second  feature  of  the  bill,  the  provisions  made  for  promoting 
the  efficiency  of  the  volunteer  militia  and  securing  a  uniformly  high 
standard  in  all  the  States,  we  believe  that  there  can  be  no  disagreement. 

The  unorganized  levies  which,  under  the  name  of  militia,  have  been 
called  into  service  in  aU  the  great  wars  of  the  country,  while  they  occa- 
sionally performed  some  brilliant  service,  have  not  only  shown  the  in- 
efficiency of  existing  law,  but  have  also  served  to  make  the  term  "  mi- 
litia" one  of  contempt  and  derision.  It  is  not  denied  that  great  dis- 
parity exists  in  the  character  and  efficiency  of  the  existing  volunteer 
organizations  between  the  States  and  even  within  the  States.  During 
the  labor  riots  of  1877  "  some  volunteer  organizations  proved  utterly 
undisciplined  and  unreliable,  while  others  performed  conspicuous  and  val- 
uable service.    Congress  has  never  exercised  its  constitutional  power 
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to  provide  for  organizing,  arming,  and  diwciplining"  the  volunteer  mi- 
litia. On  the  contrary,  the  vohinteer  organizations  liave  maintained 
themselves  at  their  own  expense,  with  such  aid  as  by  unwearied  exer- 
tions they  may  have  been  able  to  i)rocure  from  their  respective  States. 
It  is  due  solely  to  the  want  of  sup[)ort  and  of  uniform  requirements  as 
to  drill  and  discipline  that  the  volunteer  organizations  have  not  all 
reached  the  same  efficiency  that  characterize  a  part  of  them.  The  men 
who  constitute  the  voluijteer  organizations  are  naturally  those  who  have 
some  love  or  aptitude  for  military  aflairs,  and  we  therefore  see  no  reason 
why,  under  proper  regulations  for  their  discipline  and  training,  they 
cannot  attain  a  high  and  uniform  efficiency.  That  they  have  been  or 
are  in  any  particulars  inefficient  is  not  an  argument  against  the  possi- 
bility of  making  them  all  that  we  desire.  We  therefore  consider  the 
provisions  made  in  the  proposed  bill,  to  aid  and  encourage  the  volunteer 
system  and  to  exact  certain  requirements  of  them,  as  both  politic  and 
wise.  We  deem  them  politic,  for  the  reason  that  the  aid  they  offer  is 
conditioned  on  the  volunteers  complying  with  the  provisions  which  are 
deemed  essential  to  their  efficiency.  We  deem  them  wise,  for  the  rea- 
«on  that  we  believe  that  under  their  operations  a  volunteer  militia  will 
be  created,  which,  although  remaining  under  the  exclusive  control  of 
the  States,  will,  when  its  services  are  required  by  the  general  govern- 
ment, be  found  ready  and  equipped  for  instantaneous  service  and  fully 
efficient  to  i)erform  the  duties  of  militia,  which  Jefferson  defined  to  be 
"  not  onl}^  to  meet  the  first  attack,  but,  if  it  threatens  to  be  permanent, 
to  maintain  the  defense  until  regulars  can  be  engaged  to  relieve  them." 
It  is  also  worthy  of  consideration  that  in  encouraging  the  volunteer 
system  you  provide  for  disseminating  military  knowledge  and  a  partial 
military  training  among  those  who  would  be  most  likely  to  respond  to  a 
call  for  volunteers  in  time  of  war. 

It  has  been  agreed  by  all  who  have  preceded  us  in  considering  the 
subject  that,  whatever  might  be  the  expense  of  securing  an  efficient 
militia,  it  would  be  so  small,  as  compared  with,  the  benefits  to  be  derived 
from  it,  that  it  should  not  be  considered,  and  would  in  fact  be  covered 
by  indirect  savings  of  expense  which  it  would  render  practicable  in 
other  directions.  ^Nevertheless,  your  committee  have  deemed  it  proper 
to  endeavor  to  form  some  estimate  of  the  expense  of  the  aid  proposed  to 
be  extended  to  the  volunteer  militia  by  the  bill  under  consideration. 

While  the  States  have  applied  all  the  existing  permanent  appropria- 
tion for  the  militia  to  providing  the  volunteer  militia,  the  issue  of  prop- 
erty under  that  appropriation  is  limited  to  arms  and  equipments.  This 
has  been  not  only  the  greatest  obstacle  to  the  advancement  of  the  vol- 
unteer militia,  but  has  also  prevented  them  from  being  useful  on  the  oc- 
casions that  their  services  have  been  required.  Tents  and  camp  equip- 
age are  absolutely  necessary  to  enable  the  volunteers  to  go  into  camps 
of  instruction  and  learn  the  elementary  duties  of  soldiers.  A  plain, 
serviceable,  and  unostentatious  uniform,  overcoats,  blankets,  haver- 
sacks, canteens,  &c.,  are  essential  to  the  outfit  of  the  volunteer,  that  he 
may  be  called  into  service  at  a  moment's  warning,  and  that  his  services 
may  be  effective  when  called  for. 
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We  quote  the  latest  report  of  the  Secretary  of  War  on  the  subject 
(Ex.  Doc.  H.  E.  36,  second  session  Forty-sixth  Congress)  for  information 
of  the  number  of  militia  : 

Abstract  of  the  militia  force  of  the  United  States  {organized  and  unorganized),  according  to 
the  latest  returns  received  at  the  office  of  the  Adjutant-General,  United  States  Army,  fur- 
nished for  the  information  of  the  Congress  of  the  United  States  in  compliance  with  section 
232  of  the  Revised  Statutes. 


States. 


Maine  

New  Hampshire. 

Vermont  

Massachusetts  .. 

Khode  Island  

Connecticut  

New  York  

New  Jersey  

Pennsylvania  . . . 

Delaware  

Maryland  

Virginia  

"West  Virginia. .. 
North  Carolina.. 
South  Carolina.. 

Georgia  

Florida  

Alabama  


Louisiana  . 

Texas   

Arkansas  . 
Kentucky. 
Tennessee. 

Ohio  

Indiana  . . . 
Michigan.. 

Illinois  

Missouri  .. 
Wisconsin. 
Minnesota 

Iowa  

Nebraska  . 

Kansas  

Nevada  . . . 

Oregon   

California  . 
Colorado  .. 


Grand  aggregate. 


Organized  strength. 


1878 
1879 
1879 
le79 
1878 
1879 
1879 
1878 
1879 
1879 
1879 
1879 


1879 
1879 


1878 


1879 
1879 
1879 
1877 
1879 
1876 
1879 
1879 
1879 
1879 
1879 
1879 
1879 
1877 
1879 
1879 


1878 
1879 
1878 


145 


10 
8 
14 
17 

35 
15 
205 
35 
56 
4 


18 
162 


50 


921 


100 


47 
1 

197 
4 


114 


23 
107 
5 
5 
1 
50 


11 


42 


1,605 


41 
107 


134 
851 
130 
451 
6 
66 
161 


748 
'215 


149 
84 

710 
43 
72 

400 
72 
71 

387 
67 
78 


32 
120 
36 


6,  198 


61 
143 

65 
329 
214 
193 
1,  339 
235 
687 

14 

81 
185 


262 
993 


373 


206 
87 

953 
4H 
79 

531 
80 

111 

548 
77 
92 
13 

331 
38 

127 


59 
257 
49 


a  a  « 
^  2  > 

O  O  fl 

«^  § 

J. 2 .2 

o  00  « 


814 
1,  805 

605 
3,  699 

1,  764 

2.  895 
18,  941 

2,  983 
9,  063 
76 
1, 164 
2,  450 


2,  521 
10.  812 


5, 130 


2,  551 
1, 119 
15,  424 

674 
1,205 
7,  343 
1,  464 
1,688 
6,  846 
1,270 
1,  732 

191 
4,  250 

658 
1,  920 


582 
2,  340 
553 


117,  037 


875 
1,948 

670 
4,  028 

1,  978 
3,  088 

20,  280 
3,  223 
9,  750 
90 
1,245 

2,  635 


2,  783 
11.805 


5,  503 


2,  757 
1,206 
16,  377 
722 
1,284 
8,  374 
1,544 

1,  799 
7,  394 
1,347 
1,824 

204 
4,  581 
696 

2,  047 


641 

2,  597 
602 


125,  906 


''Estimated  in  Adjutant-General's  Office. 


Adjutant-General  Office, 

Washington,  JD.  C,  January  31,  1880. 


E.  D.  TOWNSEND, 

Adjutant- General. 


From  this  report  it  will  be  seen  that  there  now  exists,  on  paper,  an 
organized  volunteer  militia  of  125,906.  The  proposed  bill  limits  the 
number  that  the  general  government  will  provide  for  to  about  200,000, 
and  it  is  not  considered  probable  that  for  some  time  to  come  an  actual 
force  of  over  150,000  will  require  to  be  provided  for. 

The  existing  volunteer  militia  are  more  or  less  already  provided  with 
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what  is  essential.  Some  of  the  States  have  made  very  large  appropria- 
tions to  sui)plement  the  amount  heretofore  allowed  by  the  general  gov- 
ernment, and  many  of  the  States,  as  we  have  before  nnMitioned,  have 
now  in  i)()ssession  eonsiderabk^  amounts  of  arms  and  e(|uii)ments  that 
liave  been  issued  to  tlujm  by  the  general  government.  It  is  tlierefore 
diilieult  to  estimate  what  would  be  the  eost  of  making  up  deiiciencies, 
and  of  eompleting  the  arming  and  eciuipment  and  of  j)roviding  uui- 
forins  and  eamp  ecjuipage  for  the  volunteer  militia  in  the  manner  eon  tern- 
plated  by  the  bill,  but  we  judge  tliat  three  million  dollars  would  be 
ample  for  that  puri)ose,  and  that  its  appropriation  might  be  distributed 
into  the  budget  of  three  suceessive  years.  After  the  volunteer  militia 
should  be  once  completely  armed  and  equipped,  we  judge  that  an  annual 
expenditure  of  $750,000  would  maintain  it  in  proi)er  condition.  These 
sums  are  comparatively  very  small,  scarcely  large  enough  to  excite 
either  opposition  or  comment,  being  smaller  than  was  frequently  con- 
templated and  advocated  in  the  early  days  of  the  liepublic.  The  an- 
nual expenditure  would  be  less  than  is  required  to  sustain  a  regiment 
of  cavalry  in  the  regular  service,  and  it  cannot  for  a  moment  be  ques- 
tioned that  a  standing  force  of  150,000  thoroughly  armed,  equipped,  and 
well-drilled  volunteers,  ready  to  take  the  field  at  the  first  moment  of 
danger,  would  be  as  effective  in  the  national  defense  as  one  regiment 
of  regulars,  and  that  the  existence  of  such  a  force  would  be  seriously 
considered  by  any  nation  contemplating  an  attack  on  us.  In  this  con- 
nection it  is  not  improper  for  ns  to  observe  that  the  Senate  Committee 
on  Military  Affairs  in  the  Forty-fifth  Congress  (Senate  Keport  56,  sec- 
ond session  Forty-fifth  Congress)  recommended  that  the  annual  appro- 
I>riatiou  for  the  militia  be  increased  to  $1,000,000,  very  pertinently 
observing  that  "if  $200,000  was  none  too  much  in  1808,  certainly 
i $1,000,000  is  none  too  much  now." 

On  the  third  general  feature  of  the  bill,  that  of  abolishing  the  per- 
manent appropriation  and  i)lacing  the  requirements  of  the  militia  on  the 
same  footing  as  all  other  needs  of  the  government,  to  be  annually  esti- 
mated and  to  be  appropriated  for  in  the  discretion  of  Congress,  the  com- 
mittee do  not  deem  any  arguments  necessary. 

While  the  i)roposed  bill  scarcel}"  involves  the 

POWERS  OF  CONGRESS  AND  RIGHTS  OF  THE  STATES, 

your  committee  deem  it  proper  to  present  its  bearings  on  those  points, 
in  order  that  no  question  may  arise  in  regard  to  them. 

There  is  no  feature  in  our  form  of  government  in  which  the  powers  of 
the  general  government  and  the  rights  of  the  States  are  so  intimately 
interwoven  as  in  the  jurisdiction  over  the  militia.  One  of  the  stated 
primary  causes  for  forming  the  Union  was  to  "provide  for  the  common 
defense."  In  the  opinion  of  the  framers  of  the  Constitution,  a  well-reg- 
ulated militia  we^s  the  essential  means  of  providing  for  the  common  de- 
fense, and  they  accordingly  framed  the  clause  to  jirovide  that  Congress 
shall  have  power — 

To  provide  for  organizing,  arming,  and  disciplining  the  militia,  and  for  governing 
such  part  of  tliem  as  may  be  employed  in  the  service  of  the  United  States,  reserving  to 
the  States  respectively  tJie  appointment  of  the  officers,  and  the  authority  of  training 
the  militia  according  to  the  discipline  prescribed  by  Congress. 

The  purposes  and  provisions  of  this  clause  are  clearly  and  distinctly 
stated  and  scarcely  admit  of  misinterpretation.    The  States  are  ex- 
pressly limited  to  the  appointment  of  the  ofiicers  and  to  training  the 
militia,  and  in  training  it  according  to  the  discipline  prescribed  by  Con- 
24  ORD 
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gress.  If  the  power  couveyed  to  Congress  by  the  words  organizing, 
arming,  and  disciplining"  conld  be  doubted,  the  debates  of  the  Federal 
Convention  are  sufficiently  clear  to  remove  them.  The  committee  that 
reported  the  clause,  on  being  asked  the  scope  of  the  powers  that  they 
intended  to  convey,  replied  that  they  meant  by  organizing,"  propor- 
tioning the  officers  to  the  men ;  by  ^'  arming,"  not  only  to  provide  for 
uniformity  of  arms,  but  the  authority  to  regulate  the  modes  of  furnish- 
ing them,  either  by  the  militia  themselves,  the  State  governments,  or 
the  national  Treasury,  and  by  "disciplining,"  to  prescribe  the  manual 
exercise,  evolutions,  &c.,  and  that  laws  for  disciplining  must  involve 
penalties  and  everything  necessary  for  enforcing  penalties. 

The  debates  of  the  Federal  Convention  on  adopting  the  clause,  though 
short,  are  pertinent. 

Mr.  Mason,  who  introduced  the  subject,  thought  that  all  power  over 
the  militia  should  be  vested  in  the  general  government,  which  he  subse- 
(piently  modified  by  suggesting  that  this  absolute  power  should  be 
limited  to  a  portion  of  the  militia  at  a  time,  so  that  by  serving  in  rota- 
tion the  whole  body  would  finally  be  disciplined. 

Mr.  Madison  thought  that  the  regulation  of  the  militia  naturally  ap- 
pertained to  the  authority  charged  with  the  iiublic  defense,  that  it  did 
not  seem  in  its  nature  divisible  between  two  distinct  authorities,  and 
that  the  discipline  of  the  militia  is  evidently  a  national  concern,  and 
ought  to  be  provided  for  in  the  national  Constitution. 

The  clause  as  reported  by  the  committee  had  but  little  opposition,  it 
being  conceded,  as  stated  by  Mr.  Eandolph,  that  reserving  to  the  States 
the  appointment  of  the  officers  was  all  the  security  they  needed.  Mr. 
Dayton  and  Mr.  Ellsworth  expressed  themselves  in  favor  of  placing 
greater  limitation  on  the  power  of  Congress,  but  a  motion  made  for 
that  purpose  received  only  one  vote,  that  of  Mr.  Ellsworth,  who  moved 
it,  and  the  clause,  as  it  now  stands,  was  therefore  adopted  with  a 
marked  unanimity  in  sentiment  and  vote. 

We  have  only  adverted  to  the  question  of  the  constitutional  power 
of  Congress  as  a  matter  of  historical  interest  in  connection  with  the 
general  subject,  for  whatever  question  there  may  be  as  to  the  constitu- 
tionality of  the  existing  law,  or  of  some  of  the  plans  heretofore  suggested 
for  reorganizing  the  militia,  none  can  possibly  arise  on  the  proposed 
bill,  for  it  is  a  happy  solution  of  all  the  constitutional  questions  involved. 
There  is  not  a  compulsory  feature  in  the  bill.  It  simply  says  to  the 
States  that  if  they  will  by  their  own  laws  provide  for  and  enforce  such 
requirements  as  Congress  deems  necessary  to  secure  an  efficient  militia, 
Congress  will  exercise  its  unquestioned  constitutional  power,  and  pro- 
vide for  arming  such  militia  out  of  the  national  Treasury. 

GENERAL  CONCLUSIONS. 

From  this  review  of  the  subject  your  committee  are  satisfied  that  time 
has  solved  those  difficulties  of  the  militia  system  for  which  the  wisdom 
of  our  predecessors  could  find  no  acceptable  remed}^,  and  that  the  great 
increase  in  the  popidation  of  the  country  now  makes  it  not  only  i^racti- 
cable  but  desirable  to  substitute  the  volunteer  system  for  enforced  mi- 
litia duty  in  time  of  peace.  The  subject  is  one  on  which  there  never 
haA'e  been  any  political  differences,  and  on  which  none  should  exist. 
Washington,  as  the  exponent  of  the  Federalists,  was  unceasing  in  his 
efforts  to  procure  legislation,  and  Jefferson,  as  the  leader  of  the  Anti- 
Federalists,  was  even  more  importunate  in  urging  it.    In  view  of  these 
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^icts,  and  of  the  lact  that  we  now  liave  practieally  no  militia  system, 
and  that  the  strenjith  and  ])cii)etaity  of  onr  reimblican  form  of  govern- 
ment hirgely  depend  on  the  existence  of  a  Avell-regulated  militia,  we 
iudnlge  the  hoi)e  that  the  snbject  will  receive  the  earnest  consideration 
which  it  deserves,  and  that  some  decisive  action  will  be  taken  on  it. 


A  BILL  to  provide  for  reorganizing,  arming,  and  disciplining  the  militia. 

Be  it  enacted  hi/  the  JSentdc  and  JTovse  of  LU'prcscntaiires  of  the  United  States  of  America 
ill  Congress  asseinljled,  That  every  able-bodied  male  citizeD,  resident  witbiu  the  respec- 
tive States  and  Territories,  between  the  ages  of  eighteen  and  forty-five,  yhall  be  en- 
rolled in  the  militia,  and  said  enrollment  shall  be  made  at  such  times  and  in  such 
manner  as  may  be  provided  by  the  laws  of  each  State  and  Territory  respectively. 

Sec.  2.  That  the  militia  shall  be  divided  into  two  classes  :  the  active,  to  be  known 
as  the  National  Guard  ;  and  the  inactive,  to  be  known  as  the  Reserve  Militia. 

Sec.  3.  That  the  National  Guard  shall  consist  of  such  regularly  uniformed  and  en- 
listed troops  in  the  several  States  and  Territories  as  are  or  may  be  organized  therein 
in  pursuance  of  the  laws  of  the  respective  States  and  Territories :  Provided,  liowever, 
That  the  term  of  enlistment  in  no  State  or  Territory  shall  be  for  a  less  period  than 
three  years,  and  with  the  provision  that  if  such  enlistment  should  expire  during  a 
time  when  in  the  service  of  the  United  States  that  it  shall  continue  until  the  expira- 
tion of  the  time  for  w^hich  called  into  such  service. 

Sec.  4.  That  in  time  of  peace  the  organization  of  the  National  Guard,  the  numbers, 
rank,  and  duties  of  the  staff  officers,  and  the  organization  of  bureaus  of  administra- 
tion, in  the  militia  of  the  several  States  and  Territories,  shall  be  such  as  the  legis- 
latures thereof  may  from  time  to  time  direct :  Frovided,  Imeexer,  That  such  organization 
shall  conform  as  closely  to  the  method  prescribed  for  the  Regular  Army  as  the  circum- 
stances of  the  various  States  and  Territories  will  permit:  And  provided  ftirlhcr,  That 
when  called  into  the  service  of  the  United  States,  the  National  Guard  may  be  organized 
by  the  President  into  brigades  and  divisions,  as  the  public  interests  may,  in  his  opin- 
ion, require  ;  and  he  may  assign  and  designate  the  commanders  of  such  brigades  and 
divisions  ;  and  the  numbers,  rank,  and  duties  of  the  staff  officers  shall  be  the  same  as 
prescribed  for  the  Regular  Army. 

Sec.  5.  That  the  active  militia  shall  be  trained  in  accordance  with  the  same  system 
of  tactics  that  may  from  time  to  time  be  prescribed  for  corresponding  arms  of  the 
service  in  the  Regular  Army. 

Sec.  6.  That  all  corps  of  artillery,  cavalry,  or  infantry,  now  existing  in  any  State  or 
Territory,  which,  by  any  law,  custom,  or  usage  thereof,  have  not  been  incorporated  with 
the  militia,  or  are  not  governed  by  the  general  regulations  thereof,  shall  be  allowed 
to  retain  their  accustomed  privileges,  subject,  nevertheless,  to  all  other  duties  required 
by  law  in  like  manner  as  the  other  active  militia ;  and  any  State  or  Territory  in  which 
such  corps  may  exist  shall  be  entitled  to  include  the  same  in  the  number  and  as  part 
of  the  active  militia  for  which  it  is  entitled  to  receive  the  benefits  of  this  act. 

Sec.  7.  That  in  time  of  peace  each  State  and  Territory  complying  with  the  provis- 
ions of  this  act  shall  be  entitled  to  be  furnished  with  small- arms,  field  artillery,  and 
harness,  infantry,  cavalry,  and  horse  equipments,  and  service-dress  sufficient  to  fully 
arm,  equip,  and  uniform  its  actual  number  of  regularly  enlisted  active  militia,  and 
with  such  allowance  of  ammunition  and  such  kinds  and  allowance  of  camp  equipage 
as  shall  be  prescribed  by  the  board  of  officers  to  be  appointed  for  that  purpose :  Fro- 
vided, however,  That  the  number  of  active  militia  for  which  any  State  or  Territory 
shall  be  entitled  to  be  so  furnished  shall  not  exceed  seven  hundred  regularly  uniformed 
commissioned  officers  and  enlisted  men  for  each  Representative  or  Delegate  to  which 
such  State  or  Territory  is  entitled  in  the  Congress  of  the  United  States  :  And  provided 
further,  That  all  serviceable  arms  and  equipments  that  have  heretofore  been  furnished 
by  the  United  States,  and  are  now  in  possession  of  the  respective  States  and  Territo- 
ries, shall  be  counted  as  part  of  this  allowance,  and  shall  be  annually  accounted  for 
in  the  same  manner  as  herein  provided  for  arms  and  equipments  hereafter  issued  ;  and 
that  all  accounts  existing  between  the  States  and  Territories  and  the  United  States 
for  arms  and  equipments  furnished  the  militia  prior  to  the  passage  of  this  act  shall 
be  considered  as  closed  and  settled  :  And  provided  further,  That  if  any  State  or  Terri- 
tory shall  fail  to  comply  with  those  provisions  of  this  act  on  which  the  issue  of  arms 
and  equipments  for  its  active  militia  are  conditioned,  if  such  failure  or  omission  is,  in 
the  opinion  of  the  Secretary  of  War,  immaterial  or  unavoidable,  he  may  authorize 
such  issue. 

Sec.  8.  That  the  Secretary  of  War  shall  include  in  his  annual  estimates  of  appro- 
priations an  estimate  of  the  amount  of  money  required  to  carry  out  the  jirovisions  of 
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tliisact;  and  tbe  purchase  or  ruaniifacturo  aud  the  issue  to  States  ami  Territories  of 
small- arms,  field  artillery  and  harness,  infantry,  cavalry,  aud  horse  equipments,  service 
dress,  ammunition,  and  camp  equipage,  for  the  active  militia  under  the  provisions  of 
this  act,  shall  he  made  by  the  Chief  of  Ordnance  of  the  Army,  under  the  direction  of 
the  Secretary  of  War,  and  they  shall  remain  the  property  of  the  United  States,  and  be 
annually  accounted  for  to  the  Chief  of  Ordnance  of  the  Army  by  the  governors  of 
the  States  and  Territories,  for  which  purpose  the  Chief  of  Ordnance  of  the  Army, 
under  the  direction  of  the  Secretary  of  War,  shall  prescribe  and  supply  the  necessary 
blants,  and  make  such  regulations  as  he  may  deem  necessary  to  protect  the  said  prop- 
erty of  the  United  States. 

Sec.  9.  That  loss  of,  or  damage  to,  arms,  equipments,  ordnance  stores,  and  camp 
equipage,  except  the  ordinal y  wear  aud  accidents  of  service,  shall  be  made  good  to  the 
United  States  by  the  person  or  persons  chargeable  therewith,  as  in  like  cases  in 
the  Regular  Army ;  and  money  received  from  sales  or  on  account  of  loss  or  damages 
shall  be  accounted  for  to  the  Chief  of  Ordnance  of  the  Army,  and  paid  into  the 
Treasury  of  the  United  States. 

Sec.  10.  That  all  arms,  equipments,  ordnance  stoics,  or  camp  equipage  which  may 
become  unserviceable  or  unsuitable,  shall  be  examined  by  a  board  of  officers  of  the 
National  Guard,  and  its  report  shall  be  forwarded  by  the  governor  of  the  State  or 
Territory  direct  to  the  Chief  of  Ordnance  of  the  Army  for  the  action  of  the  Secretary 
of  War,  who  shall  diiect  what  disposition,  by  sale  or  otherwise,  shall  be  made  of  them. 

Sec.  11.  That  there  shall  be  an  adjutant-general  in  each  State  and  Territory,  who 
shall  perform  such  duties  as  may  be  prescribed  by  the  laws  of  each  State  and  Terri- 
tory, respectively,  and  who  shall,  on  or  before  the  last  day  of  October  in  each  year, 
make  a  return  to  the  War  Department,  in  such  form  as  shall  from  time  to  time  be  pre- 
scribed by  the  Secretary  of  War,  of  the  number  of  enrolled  militia,  the  number  of 
enlisted,  organized,  and  uniformed  active  militia,  of  the  results  of  the  annual  inspec- 
tion of  the  active  militia  and  military  property  in  each  State,  and  of  the  results  aud 
scores  of  the  rifle  practice  of  the  active  militia.  He  shall  also  make  such  special 
reports  as  may  from  time  to  time  be  required  by  the  Secretary  of  War. 

Sec.  12.  That  the  Secretary  of  War  shall,  with  his  annual  report  of  each  year,  trans- 
mit to  Congn  ss  an  abstract  of  the  annual  returns  of  the  adjutants-general  of  the  States 
and  Territories,  w  ith  such  observations  thereon  as  he  may  deem  necessary  for  the  infor- 
mation of  Congress. 

Sec.  13.  That  the  service  dress  to  be  provided  for  the  active  militia,  as  herein  pre- 
scribed, shall  be  worn  when  such  active  militia  are  called  out  for  active  serA'ice,  and 
when  in  the  performance  of  any  duty,  drill,  parade,  or  ceremony  prescribed  by  this 
act :  Provided,  Jioiccrcr,  That  the  same  may  also  be  worn  at  such  other  times  as  the  mili- 
tary authorities  of  the  State  or  Territory  may  direct:  And  provided  further,  That  nothing 
in  this  act  shall  be  construed  to  prohibit  the  wearing  at  other  times  of  any  full-dress 
uniform  permitted  by  the  military  authorities  of  the  States  or  Territories. 

Sec.  14.  That  each  State  and  Territory  furnished  with  arms  and  equipments  under 
the  provisions  of  this  act  shall  require  every  organization  in  its  active  militia, to  go 
into  camp  of  instruction  for  at  least  five  consecutive  days  in  each  year,  and  to  assem- 
ble for  drill  and  instruction  not  less  than  once  in  each  calendar  month,  and  shall  re- 
quire an  annual  inspection  of  its  active  militia,  to  be  made  by  an  officer  or  officers 
thereof,  whose  duty  it  shall  be  to  report  the  result  of  such  inspection  to  the  adjutant- 
general  thereof,  stating  the  number  of  such  active  militia,  the  actual  condition  of  their 
arms,  accoutermeuts,  ammunition,  and  equipment,  their  deficiencies,  and  every  other 
particular  relating  to  the  advancement  of  their  organization  and  discipline. 

Sec.  15.  That  notice  shall  be  given  by  the  adjutant-general  of  each  State  and  Ter- 
ritory to  the  Secretary  of  War  of  the  time  and  place  of  the  annual  inspections  of  the 
active  militia  of  his  State  or  Territory  ;  and  thereupon  the  President  shall  detail  an 
officer  from  the  active  or  retired  list  of  the  Army,  to  accompany  the  State  inspector 
durirg  his  inspection,  and  observe  the  general  condition  of  the  troops  and  public 
property,  with  the  consent  aud  under  the  general  direction  of  the  governor  of  such 
State  or  Territory ;  and,  while  so  detailed,  retired  officers  shall,  in  addition  to  their 
pay  as  retired  officers,  be  allowed  and  paid  the  actual  traveling  and  other  expenses 
incurred  by  them  in  the  performance  of  the  duty  :  Provided,  however,  That  such  officer 
shall  have  no  authority  in  any  way  to  control  or  interfere  with  the  State  inspector,  or 
to  exercise  any  power  or  authority  during  such  inspection  over  the  officers  or  men  in- 
spected. He  shall  make  a  report  in  duplicate,  and  transmit  one  copy  to  the  governor 
of  such  State  or  Territory  and  another  to  the  Secretary  of  War,  of  such  matters  as 
shall,  in  his  judgment,  require  to  be  brought  to  their  attention. 

Sec.  16.  That  each^ State  furnished  with  arms  and  equipments  under  the  provisions 
of  this  act  shall,  within  one  year  after  the  passage  of  this  act,  provide  and  equip  at 
least  one  rifle  range,  and  shall  maintain  the  same  for  the  instruction  of  its  militia  iu 
rifle  jjractice,  and  require  them  to  be  instructed  therein. 

Sec.  17.  That  the  Secretary  of  War  is  authorized  to  ofier  annually  to  the  National 
Guard  of  each  State  and  Territory  (provided  they  number  at  least  seven  hundred  men) 
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;i  i)ri/i>,  iu)t  ti)  oxcihmI  oiui  lumdrod  dollari^  in  v;ilii(^,  for  competition  in  litlo  practice; 
also  to  annually  otfiu"  a  pi  izo  of  one  tliouHand  doUarn  to  be  .shot  for  by  a team  "  o.i 
detachnienrs  from  the  National  (inard  of  each  State  and  Territory,  from  each  of  tho 
three  divisions  of  tho  Army,  ami  from  the  Navy,  to  be  divided  among  the  three 
"teams"  standint;'  hi<:>he8t  in  snch  match. 

The  terms  antl  conditions  of  both  matches  to  be  prescribed  by  the  Secretary  of  War. 

Each  State  team  shall  be  certilied  t.o  by  tho  adjutant-general  of  its  State,  as  consist- 
ing of  its  regularly  enlisted  and  nnifornnid  National  Guard,  and  transportation  to  and 
from  said  last-named  nuitch  shall  be  furnished  out  of  such  appropriation  to  such  a  team 
and  reserve,  not  to  exceed  fifteen  in  number  from  each  State,  under  sucli  regulations 
as  may  be  prescribed  by  the  Secretary  of  War. 

Skc.  18.  That  upon  the  application  of  any  regimental,  division,  or  brigade  com- 
mander of  the  National  Guard  of  any  State  or  Territory,  the  governor  thereof  may 
apply  to  the  Secretary  of  War  to  assign  an  officer  from  the  active  or  retired  list  of  the 
Army  to  act  as  adjutant  of  such  regiment,  or  assistant  adjutant-general  or  chief  of 
stalf  of  such  brigade  or  division.  Whenever  the  public  interests  will  admit,  the  Sec- 
retary of  War  is  authorized  to  assign  such  otficer  for  such  duty  with  his  consent. 

Ofticers  so  assigned  shall  be  commissioned  as  officers  in  such  National  Guard  by  the 
governor  of  such  State  or  Territory,  and  shall  hold  such  commissions  during  his  pleas- 
ure. While  performing  such  duty,  they  shall  give  their  entire  time,  or  so  much  thereof 
as  shall  be  necessary  to  properly  perform  the  duties  of  their  office;  shall  be  subjectto 
the  rules  and  regulations  of  such  National  Guard  while  so  assigned,  and  shall  receive 
the  full  pay  and  emoluments  of  their  rank  as  on  detached  service. 

No  assignment  shall  be  made  of  any  officer  for  this  duty  to  the  prejudice  of  the 
Regular  Army,  nor  unless  he  shall  have  seen  at  least  three  years'  service  in  the  fiield. 
All  such  assignments  may  be  revoked  at  pleasure  by  the  Secretary  of  War,  by  giving 
notice  thereof  to  the  governor  of  the  State.  Upon  receipt  of  such  notice  by  the  lat- 
ter, the  ofTicer  whose  assignment  is  so  revoked  shall  cease  to  be  an  officer  of  the  National 
Guard  of  such  State  or  Territory,  and  shall  be  honorably  discharged  therefrom  by  its 
governor. 

Sec.  19.  That  the  President  of  the  United  States  may  order  the  whole  or  any  part 
of  the  active  militia  of  any  State  or  Territory  into  the  service  of  the  United  States 
for  a  period  not  exceeding  twelve  months  during  war  or  an  invasion,  or  apprehended 
invasion,  by  a  foreign  enemy  or  Indian  tribe,  or  an  insurrection  or  rebellion  against 
the  Constitution  and  laws  of  the  United  States,  or  upon  the  imminent  danger  of  either, 
or  on  any  occasion  in  which  the  execution  of  the  laws  may  be  obstructed  by  combi- 
nations and  forces  too  strong  to  be  overcome  by  the  civil  authorities  in  the  ordinary 
course  of  law,  and  to  issue  his  orders  for  that  purpose  to  such  officers  of  the  active 
militia  as  he  may  think  proper;  and  the  said  force,  when  ordered  into  the  service  of  the 
United  States,  shall  be  subject  to  the  rules  and  articles  of  war,  and  to  the  regulations 
of  the  Army,  and  shall  be  allowed  the  same  pay,  rations,  and  emoluments  as  are  al- 
lowed to  officers,  non-commissioned  officers,  and  privates  of  like  grades  and  arms  in 
the  regular  service ;  and  in  case  of  wounds  or  injuries  received  in  the  line  of  duty,  or 
in  case  of  being  killed  in  the  performance  of  such  duty,  the  same  provisions  shall  be 
extended  to  them,  their  widows  and  children,  as  are  provided  by  law  in  like  cases  to 
officers,  non-commissioned  otficers,  and  privates  of  like  grades  belonging  to  the  Regu- 
lar Army  of  the  United  States. 

Sec.  20.  That  any  officer  or  enlisted  man  of  the  active  militia  who,  upon  being  or- 
dered into  the  service  of  the  United  States,  shall  refuse  or  fail  to  obey  said  order 
without  giving  a  valid  excuse  therefor,  to  be  established  by  his  oath  and  verified  by 
the  testimony  of  two  credible  and  disinterested  witnesses,  may  be  tried  hy  court-mar- 
tial for  desertion,  and  subject  to  the  fines  and  penalties  as  in  such  cases  provided. 

Sec.  21.  That  the  officers  and  enlisted  men  of  the  active  militia  called  into  the 
service  of  the  United  States  shall  be  entitled  to  one  day's  pay,  subsistence,  and  allow- 
ances for  every  fifty  miles  travel  from  their  places  of  residence  to  the  place  of  gen- 
eral rendezvous,  and  from  the  place  of  their  discharge  back  to  their  residence. 

Sec.  22.  That  when  called  into  the  service  of  the  United  States,  officers  of  the  same 
grade  in  the  active  militia  shall  take  precedence  according  to  the  date  of  their  com- 
missions. In  case  two  of  the  same  grade  have  commissions  of  equal  date,  their  rank 
shall  be  determined  by  lot,  to  be  drawn  by  them  before  their  commanding  officer,  un- 
less their  relative  rank  is  prescribed  by  regulation. 

Sec.  23.  That  mounted  oflicers  and  members  of  mounted  companies  in  the  active 
militia  called  into  the  service  of  the  United  States  shall  each  receive  such  considera- 
tion for  use  and  risk  of  private  horses  actually  used  by  them  as  may  be  awarded  by  a 
board  of  officers  appointed  by  the  Secretary  of  War.  The  same  allowances  of  forage 
shall  be  made  for  private  horses  used  by  the  militia  in  the  service  of  the  United  States 
as  for  horses  owned  by  the  United  States. 

Sec.  24.  That  the  Reserve  Militia  shall  not  be  liable  or  subject  to  any  military  duty 
to  the  United  States,  except  when  called  into  service  by  act  of  Congress  passed  for 
that  purpose. 
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Sec.  2o.  That  as  soon  as  practicable  after  the  passage  of  this  act,  the  President  shall 
appoint  a  board  of  seven  officers,  two  of  whom  shall  be  of  the  Army  and  five  selected 
from  the  active  militia  of  the  Eastern,  Middle,  Southern,  Western,  and  Pacific  States, 
respectively.  Said  board  shall  prepare  a  system  of  rules  and  regulations  for  the  dis- 
cipline of  the  active  militia,  which  rules  and  regulations  shall  be  submitted  by  the 
President  to  Congress  at  its  next  ensuing  session  for  approval  and  enactment.  Said 
board  shall  also  recommend  a  service-dress  for  the  active  militia,  which,  upon  being 
approved  by  the  President,  shall  be  the  uniform  of  the  active  militia  when  called  into 
service.  Said  board  shall  also  recommend  an  allowance  of  ammunition  and  the  kinds 
and  allowance  of  camp  equipage  to  be  issued  to  the  active  militia  in  time  of  peace, 
which,  upon  being  approved  by  the  President,  shall  govern  the  Chief  of  Ordnance  in 
the  issue  of  those  articles  under  the  provisions  of  this  act.  The  five  officers  of  said 
board  appointed  from  the  active  militia  shall,  during  the  time  they  are  engaged  in  the 
performance  of  the  duties  prescribed  herein  for  said  board,  receive  the  pay  and  emol- 
uments allowed  by  law  to  a  colonel  of  infantry.  The  amount  of  money  necessary  for 
the  payment  of  their  services,  and  also  for  the  payment  of  such  expenses  incurred  by 
said  board  in  the  performance  of  its  duties  as  may  be  approved  by  the  Secretary  of 
War,  is  hereby  appropriated,  to  be  paid  out  of  any  money  in  the  Treasury  not  other- 
wise appropriated :  J*rorided,  Iton  rvi'r,  That  the  total  amount  of  money  so  to  be  paid 
shall  not  exceed  three  thousand  dollars. 

Sec.  26.  That  the  sum  of  dollars  is  hereby  appropriated,  out  of  any  money 

in  the  Treasury-  not  otherwise  appropriated,  for  the  purpose  of  carrying  out  the  pro- 
visions of  this  act  during  the  fiscal  year  ending  June  thirtieth,  eighteen  hundred  and 
eighty-one. 

Sec.  27.  That  sections  sixteen  hundred  and  twenty-five  to  sixteen  hundred  and  sixty- 
one,  inclusive,  of  the  Revised  Statutes,  and  all  other  acts  and  parts  of  acts  inconsist- 
ent herewith  be,  and  the  same  are  hereby,  repealed. 


[Senate  Ex.  Doc.  22,  Part  2,  45th  Congress,  2d  Session.] 

Letter  from  the  Chief  of  Ordnance  in  relation  to  the  militia  force  of  the 

United  States. 


Ordnance:  Office,  War  Department, 

Washington^  February  5,  1878. 
Dear  Sir  :  I  have  the  authority  of  the  Secretary  of  AVar  to  trans- 
mit to  you  copy  of  my  report  on  your  resolution  of  the  13th  December, 
1877,  in  regard  to  the  militia,  and  in  advance  of  his  response  to  the  same. 
Very  respectfullv,  vour  obedient  servant, 

s.  V.  benE:t, 

Brigadier- General^  Ch  ief  of  Ordnance. 

Hon.  H.  G.  Davis, 

United  States  Senate. 


Ordnance  Office,  War  Department, 

Washington^  January  10,  1878. 
Sir  :  In  answer  to  Senate  resolution  of  December  13, 1877, 1  have  th 
honor  to  report  as  follows  : 

The  several  x:>oints  of  inquiry  embraced  in  the  resolution  may  be  ex- 
pressed in  the  following  interrogatories,  viz  : 

1.  What  are  the  condition  and  number  of  the  militia  enrolled  in  the 
several  States  ? 

2.  What  recommendation  has  the  Secretary  of  War  to  submit  looking* 
to  a  more  thorough  organization  of  the  militia  '? 


UKi'oirr  OF  Tiir.  ciiikf  of  ohdnanck. 
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A.  What  rcuM)imii('ii(l:iti(»n  lookin;;'  to  ii  iiioic  tliorou;;li  cullcctiuii  ut'iii- 
Ibnusition  and  reports  coiKHMiiiiii;'  tlie  same? 

4.  What  amount  is  annually  apportioned  to  each  of  the  States  under 
section  Revised  Statutes  ? 

f).  WJiether  any  State  lias  I'eceived  or  l)een  credited  with  more  or  less 
than  its  proportion  of  the  sum  annually  ap[)ropriated,  and  what  amount, 
it' any,  is  now  due  any  of  the  States  ? 

tl.  If  at  any  time  any  of  the  States  liave  been  excluded  from  the  bene- 
fits of  section  1()(>1,  what  States,  and  for  how  lon<;-  ? 

7.  What  kind  of  arms,  and  what  articles  are  or  can  be  furnished  to  the 
militia  under  the  terms  *'arms  and  equii)ments ? 

8.  Should  the  amount  annually  appropriated  be  increased  I 

1.  What  are  the  condition  and  number  of  the  militia  enrolled  in  the  several  States  ? 

This  otlice  is  not  possesed  of  the  information  reciuested  in  the  first  in- 
terrogatory. r>y  section  1,  act  March  2,  ISO.'J  (sec.  16;3(),  Rev.  Stat.  U. 
S.),  the  adjutants-oeneral  of  the  several  States  were  re(piired  to  furnish 
the  President  of  the  Tnited  States,  annually,  returns  of  the  militia  in 
their  resi)ective  States,  and  of  their  arms,  accouterments,  and  ammuni- 
tion ;  and  the  Secretary  of  War  was  required  to  lay  abstracts  of  these 
returns  before  Couiiress  (Mich  year.  Previous  to  1802  these  abstracts 
were  submitted  with  the  annual  re])orts  of  the  Adjutant-General  of  the 
Army,  and  w^ere  printed  in  the  public  documents ;  but  since  that  year 
no  abstracts  of  this  character  appear  to  have  been  published  by  Con- 
gress. 

2.  What  recommendation  has  the  Secretary  of  War  to  submit  looking  to  a  more 
thorough  organization  of  the  militia? 

The  subject  of  a  more  thoroug-h  organization  of  the  militia  of  the 
country  has  engaged  the  attention  of  Congress  at  irregular  intervals 
ever  since  the  organization  of  the  IMeral  government  in  1789.  The 
Executive  Documents  and  Reports  of  Committees  of  the  two  houses  con- 
tain many  reports  upon  the  subject,  and  the  Presidents'  messages  have 
often,  in  times  past,  invited  attention  to  the  subject. 

The  laws  for  the  organization  of  the  whole  body  of  the  militia,  now  in- 
corporated in  the  Revised  Statutes,  were  drawn  from  legislation  had  in 
the  early  years  of  the  government,  when  the  remembrance  of  the  oppres- 
sions of  the  standing  army  of  the  mother  country  during  the  colonial 
period  was  fresh  in  the  minds  of  the  people,  and  when  the  prevailing 
sentiment  was  averse  to  a  standing  army  forming  a  distinct  class  in  the 
community.  An  energetic  national  militia  has  ever  been  considered 
as  forming  the  capital  security  of  a  free  ])eople.  (See  the  report  of  Gen- 
eral Henry  Knox,  Secretary  of  War  in  1790,  in  American  State  Papers, 
Militarj^  Affairs,  vol.  1,  p.  7 ;  Art.  II,  Amendments  to  the  Constitution ; 
the  spirit  of  the  laws  5  and  the  utterances  of  statesmen  from  the  founda- 
tion of  the  government  to  the  present  time.) 

The  present  laws  in  many  of  their  essential  particulars,  date  from  the 
period  between  1792  and  1808,  and  have,  in  their  apidication,  special 
reference,  in  many  respects,  to  the  condition  of  things  then  existing ; 
and  consequently  many  have  by  time  been  rendered  obsolete  and  inop- 
erative. They,  however,  carry  out,  in  their  general  scope  and  intend- 
ment, the  initial  idea  that  the  Constitutional  force  for  the  national 
defense  is  the  militia ;  and  authority  is  given  to  the  President  to  call 
forth  such  numbers,  in  time  of  invasion  or  rebellion,  as  the  emergency 
may  demand.  Changes  in  these  statutes  as  fix  the  details  of  organiza- 
tion, accountability,  and  armament  are  necessary. 

3.  What  recommendation  looking  to  a  more  thorough  collection  of  information  and 
reports  concerning  the  same  ? 
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As  early  as  1794  a  difficulty  of  })riDiary  importance  iu  the  execution 
of  the  militia  act  of  1792  was  found  in  the  requirement  that  the  militia 
were  to  arm  and  equip  themselves.  At  that  period  it  was  conceded  in 
Congress  that  there  was  an  insuperable  difficulty  in  obtaining  arms, 
there  being  but  a  limited  supply  in  the  country,  with  no  manufactories, 
and  no  abilitj^  to  obtain  supplies  from  abroad.  The  only  solid  resource  to 
obtain  a  sui)ply  was  conceived  to  be  the  establishment  of  manufactories  in 
each  State.  (See  American  State  papers.  Military  Affairs,  vol.  1,  pp.  69, 
70.)  In  1791,  Congress  directed  the  establishment  of  three  orfour  arsenals 
with  a  national  armory  attached  to  each,  and  laid  an  embargo  on  the 
exi)ortation  of  all  arms  and  warlike  stores.  The  armory  at  Springfield, 
Mass.,  and  that  at  Hariier's  Ferry,  Ya.,  were  thereui^on  erected  and 
placed  in  operation  in  the  repair  and  manufacture  of  arms. 

The  militia  were  called  upon  by  the  President  on  several  occasions 
between  1791  and  1808  for  actual  service ;  and  Congress,  by  several  acts 
during  that  period,  authorized  the  purchase  of  arms,  &c.,  for  sale  to  the 
States,  and  to  the  individual  militiamen  called  into  service ;  and  in  some 
cases  Joans  were  authorized  while  in  actual  service,  receipts  being  re- 
quired in  such  cases  as  security  for  the  faithful  return  to  the  government 
of  the  weapons  to  be  used  in  its  defense. 

The  inefficiency  of  the  militia  as  a  national  institution  was,  during  the 
period,  directly  traceable  to  the  provision  (Sees.  1628  and  1632,  Eevised 
Statutes)  requiring  the  militiaman  to  provide  at  his  own  expense  tlie 
arms  and  equipments  which  he  might  be  called  upon  to  use  in  the  serv- 
ice of  the  general  government.  In  1807,  a  resolution  was  introduced 
in  the  House  of  Eepresentatives  expressing  the  sense  that  "provision 
ought  to  be  made  by  law  for  arming  and  equipping  the  whole  body  of  the 
militia  of  the  United  States,"  which,  after  protracted  debate,  was  finally 
adopted.  (See  Annals  of  Congress,  Tenth  Cong.,  1st  Sess.,  vol.  1,  pp. 
1005,  1039,  et  seq.)  A  bill  was  accordingly  presented  for  arming  and 
equipping  the  whole  body  of  the  militia  by  appropriating  $200,000  an- 
nually. The  sum  at  first  proposed — in  view  of  the  then  meager  supply 
of  arms  and  equipments  obtainable  in  the  country  and  abroad  (the  wars 
in  Europe  having  exhausted  the  foreign  markets) — was  $1,000,000 ;  but 
this  amount,  as  well  as  the  successive  sums  of  $500,000,  $450,000, 
$400,000,  and  $300,000,  was  negatived,  and  the  sum  of  $200,000  fixed 
upon  {Ibid.,  vol.  2,  pp.  2191-2195),  and  has  remained  without  alteration 
to  this  day.  In  1816,  by  act  of  April  29,  this  amount  was  exempted  from 
liability  to  be  carried  to  the  surplus  fund. 

After  arms  and  equiiiments  procured  under  the  appropriation  were 
received  into  the  hands  of  the  general  government,  they  were  placed 
in  store  in  the  various  arsenals  and  armories,  and  were  thence  dis- 
tributed to  the  States  and  Territories  annually,  in  proportion  to  the 
number  of  the  effective  militia  in  their  respective  territorial  limits.  At 
first,  only  muskets  (or  rifles)  and  accouterments  for  the  armament  of  the 
individual  militiamen  were  procured  or  issued,  but  subsequently  it  was 
concluded  to  procure  and  issue  light  artillery,  as  might  be  required,  in 
lieu  of  muskets,  charging  for  the  same  in  terms  of  "muskets,"  the  appor- 
tionment and  the  accounts  under  the  same  being  made  and  kept  in  those 
times  in  muskets. 

A  question  was  raised,  in  the  debate  on  the  original  passage  of  the  act 
of  1808,  in  regard  to  the  ownership  of  the  arms,  &c.,  after  they  had 
passed  out  of  the  possession  of  the  general  government  into  the  hands 
of  the  militia.  This  question  was  not  settled  by  the  terms  of  the  act 
as  it  finally  passed,  and  no  action  appears  ever  to  have  been  taken  by 
the  W.ar  Department  authorities  to  fix  upon  the  State  authorities  or 
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the  luilitiiinion  any  system  of  i)eiiodical  iiccouiitability  for  tlie  arms,  &c., 
issued  to  them.  Tlie  procurement  of  the  arms  and  equipments,  the 
conveyance  of  them  to  the  respective  States,  as  called  for,  and  the  taking 
the  receipts  of  the  State  authorities  for  the  same,  appear  to  have  been 
all  the  duties  recognized  by  the  United  States  authorities  as  imposed  on 
them  by  law.  In  1874,  upon  a  question  raised  in  this  ollice,  the  Attor- 
ney-General decided  that  ''the  statute  makes  no  provision  for  any  ac- 
countability wliatever  to  the  general  government  respecting  the  dis- 
position of  the  arms  Avhen  they  have  once  been  delivered  to  the  States, 
Congress  having  seen  lit  to  leave  it  entirely  to  the  good  faith  of  the  lat- 
ter, after  the  delivery  takes  place,  to  carry  out  the  purpose  contemplated 
in  fui'uishing  the  arms."    (Copy  of  opinion  inclosed.) 

OPINION. 

Department  op  Justice, 

fVasJiington,  November  11,  1874. 
Sir  :  I  have  considered  the  question  referred  to  me  from  yonr  department  on  the 
loth  of  September  last,  yiz,  "Whether,  under  existing  laws,  the  right  of  property  in 
the  arms  issued  for  arming  the  militia  of  the  United  States,  is  vested  in  the  State  au- 
thorities, with  power  to  dispose  of  them  by  sale  or  otherwise,  without  accounting  to 
the  United  States  ?" 

This  question,  it  would  seem,  from  the  papers  submitted,  has  been  suggested  by  facts 
of  recent  occurrence,  which  are  esi^ecially  connected  with  the  quota  of  arms  due,  un- 
der the  statutes  relating  to  the  arming  of  the  militia,  to  the  State  of  Virginia.  It  ap- 
pears that  the  governor  of  that  State  made  requisitions  upou  the  Chief  of  Ordnance 
for  about  2,307  revolvers,  to  be  drawn  as  a  portion  of  the  said  quota.  To  meet  these 
requisitions,  the  latter  officer,  in  July  last,  gave  to  an  agent  of  the  State  orders  upon 
the  manufacturer  for  that  number  of  revolvers,  to  be  delivered  within  a  short  period 
thereafter.  Upon  receiving  these  orders,  the  agent,  acting  under  the  directions  of  the 
governor,  proceeded  to  New  York,  and,  iu  behalf  of  the  State,  entered  into  contracts 
with  certain  parties  for  camp  equipage.  It  was  agreed  that  the  contractors  should 
receive,  in  payment  for  the  camp  equipage  furnished  the  State,  under  their  contracts, 
an  assignment  of  the  aforesaid  orders,  and  that  the  delivery  of  the  arms,  by  the  manu- 
facturer, should  accordingly  be  made  directly  to  them.  But  I  understand  that  the 
Chief  of  Ordnance,  having  information  of  this  transaction,  and  conceiving  that  the 
right  of  the  State  to  make  such  disposition  of  the  arms,  intended  for  the  militia  thereof, 
was  not  entirely  free  from  doubt,  directed  the  delivery  of  revolvers  on  said  orders  to 
be  withheld  until  that  point  is  determined  ;  and  the  determination  of  that  point  has 
been  thought  to  depend  on  the  solution  of  the  question  referred  to  me. 

The  laws  in  force,  which  provide  for  the  furnishing  of  arms  to  the  militia,  by  the 
general  government,  are  contained  in  the  following  sections  of  the  Revised  Statutes  : 

"Sec.  1661.  The  annual  sum  of  two  hundred  thousand  dollars  is  appropriated,  to  be 
paid  out  of  any  money  in  the  Treasury  not  otherwise  appropriated,  for  the  purpose  of 
providing  arms  and  equipments  for  the  whole  body  of  the  militia,  either  by  purchase 
or  manufacture,  by  and  on  account  of  the  United  States. 

"Sec.  1667.  All  the  arms  procured,  in  virtue  of  any  appropriation  authorized  by  law, 
for  the  purpose  of  providing  arms  and  equipments  for  the  whole  body  of  the  militia  of 
the  United  States,  shall  be  annually  distributed  to  the  several  States  of  the  Union, 
according  to  the  number  of  their  Representatives  and  Senators  in  Congress,  respect- 
ively ;  and  all  arms  for  the  Territories  and  for  the  District  of  Columbia  shall  be  an- 
nually distributed  in  such  quantities,  and  under  such  regulations,  as  the  President 
may  prescribe.  All  such  arms  are  to  be  transmitted  to  the  several  States  and  Terri- 
tories by  the  United  States. 

'^Sec.  1670.  The  Secretary  of  War  is  authorized  and  directed  to  distribute  to  such 
States  as  did  not  receive  the  same,  their  proper  quota  of  arms  and  military  equipments 
for  each  year,  from  eighteen  hundred  and  sixty-two  to  eighteen  hundred  and  sixty- 
nine,  under  the  provisions  of  section  sixteen  hundred  and  sixty-one:  Provided,  That 
in  the  organization  and  equipment  of  military  companies  and  organizations  with  such 
arms,  no  discrimination  shall  be  made  between  companies  and  organizations  on  account 
«f  race,  color,  or  former  condition  of  servitude." 

The  provisions  of  the  above-named  sections  have  been  taken  from  the  act  of  April 
23,  1808,  ch.  55  ;  the  act  of  March  3,  1855,  ch.  169 ;  and  the  act  of  March  3, 1873,  ch.  282. 

By  the  first  of  those  sections  (sec.  1661),  an  annual  appropriation  is  made  "  for  the 
purpose  of  providing  arms  and  equipments  for  the  whole  body  of  the  militia."  The 
next  section  (sec.  1667)  provides  for  an  annual  distribution,  among  the  several  States 
and  Territories,  of  the  arms  procured  by  means  of  such  appropriation.    It  recjuires 
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these  arms  to  be  transmitted  by  the  United  States  to  the  several  States  and  Territo- 
ries— the  quota  for  each  State  to  be  according  to  the  number  of  its  Representatives 
and  Senators,  and  the  quota  for  each  Territory,  inchidiug  the  District  of  Columbia,  to 
be  according  as  the  President  may  prescribe.  The  remaining  section  (sec.  1G70)  is 
only  ai)plicable  to  the  particular  case  where  a  State  did  not  receive  its  proper  quota 
of  arms  and  military  equipments  for  any  period  from  1862  to  1809.  It  authorizes  the 
Secretary  of  War,  in  that  case,  to  distribute  to  such  State  its  quota,  for  that  period, 
subject  to  the  proviso  therein  contained. 

In  none  of  the  sections  adverted  to  is  there  any  provision  which  expressly  vests  the 
property  in  the  arms,  after  their  distribution,  in  the  States  absolutely;  nor  do  I  lind 
anything  therein  from  which  such  a  change  of  ownership  resnlfs  by  necessary  impli- 
cation. To  get  at  the  intent  and  meaning  of  the  existing  laws,  with  reference  to  that 
point,  it  seems  therefore  proper  to  recur  to  the  earlier  legislation  on  the  subject  of  arm- 
ing the  militia,  and  particularly  to  that  part  of  it  from  which  the  provisions  in  the 
Revised  Statutes  have  been  taken. 

The  power  of  Congress  to  legislate  on  that  subject  is  expressly  conferred  by  the  Con- 
stitution (see  Art.  I,  sec.  8,  par.  16);  and  the  first  instance  of  the  exercise  of  this 
power,  by  that  body,  is  found  in  the  act  of  May  8,  1792,  entitled  "An  act  more  effect- 
ually to  provide  for  the  national  defense,  by  establishing  an  uniform  militia  throughout 
the  United  States."  (1  Stat.,  271.)  There  it  consisted  simply  in  requiring  each 
enrolled  militiaman  to  "  provide  himself  "  with  arms  of  a  certain  description.  (See  first 
section  of  that  act.)  This  requirement  is,  however,  reproduced  in  the  Revised  Statutes 
(see  section  1628),  and  it  constitutes  now,  as  it  did  originally,  what  may  be  regarded 
the  general  law  upon  the  subject  of  arming  the  militia — the  other  provisions  of  the 
Revised  Statutes  upon  the  same  subject,  to  which  reference  has  been  made,  being 
auxiliary,  and  not  substitutive  in  their  character. 

Next  followed  the  act  of  July  6, 1798,  entitled  "An  act  providing  arms  for  the  militia 
throughout  the  United  States."  (1  Stat.,  576.)  By  this  act  thirty  thousand  stand  of 
arms  were  authorized  to  be  provided,  at  the  expense  of  the  Government  of  the  United 
States,  and  "sold  to  the  governments  of  the  respective  States,  or  the  militia  thereof,'' 
under  such  regulations  and  at  such  prices  as  the  President  might  prescribe.  But  its 
object  was  only  to  meet  an  immediate  want  then  felt  by  some  of  the  States  (especially 
the  Southern),  the  people  whereof  were  generally  destitute  of  arms,  and  could  not 
easily  supply  themselves  therewith.  It  sought  to  facilitate  the  procurement  of  arms 
by  the  latter,  to  a  limited  extent,  by  enabling  them  or  their  respective  States  to  pur- 
chase the  same  from  the  United  States.  The  act  of  April  2,  1808,  authorizing  the  sale 
of  public  arms  to  the  States  (2  Stat.,  481),  though  it  does  not  purport  to  have  been 
passed  with  a  view  to  arming  the  militia,  is  of  a  piece  with  the  act  of  1798,  and  con- 
templated similar  objects. 

The  act  of  April  23, 1808,  entitled  "An  act  making  provision  for  arming  and  equip- 
ping the  whole  body  of  the  militia  of  the  United  States"  (2  Stat.,  490),  is  the  first 
statute  that  contains  provisions  of  a  general  and  permanent  nature  for  furnishing 
arms  and  equipments  to  the  militia  by  the  United  States ;  and  it  deserves  to  be  well 
considered  here,  for  the  reason  that  some  of  the  more  important  of  its  provisions, 
directed  to  that  end,  are  embodied  in  one  or  two  of  the  sections  of  the  Revised  Statutes 
above  quoted.  The  first  section  of  the  act  is  in  substance  the  same  as  section  1661  of 
the  Revised  Statutes.  It  appropriates  the  sum  of  two  hundred  thousand  dollars  an- 
nually "  for  the  purpose  of  providing  arms  and  military  equipments  for  the  whole  body 
of  the  militia  of  the  United  States,  either  by  purchase  or  manufacture,  by  and  on 
account  of  the  United  States."  The  third  section  declares  that  the  arms  procured  in 
virtue  of  the  act  "shall  be  transmitted  to  the  several  States  composing  this  Union, 
and  Territories  thereof,  to  each  State  and  Territory  respectively,  in  proportion  to  the 
number  of  the  effective  militia  in  each  State  and  Territory,  and  by  each  State  and 
Territory  to  be  distributed  to  the  militia  in  such  State  and  Territory,  under  such  rules 
and  regulations  as  shall  be  by  law  prescribed  by  the  legislature  of  each  State  and 
Territory."    The  rest  of  the  act  is  not  material  in  this  connection. 

The  object  of  the  annual  appropriation  made  by  this  act  is  plainly  expressed  there- 
in; it  was  to  provide  arms  and  equipments  for  the  entire  militia  of  the  United  States 
so  far  as  such  appropriations  would  enable  this  to  be  done.  That  object  was  contem- 
plated to  be  carried  out,  partly  through  the  agency  of  officers  of  the  general  govern- 
ment and  partly  through  the  intervention  of  the  State  authorities.  Thus  the  procuring 
of  the  arms,  with  the  means  provided  therefor,  was,  in  the  first  x)lace,  to  be  done  by 
officers  of  the  United  States,  who  were  then  to  transmit  the  same  to  each  State  and 
Territory  in  proportion  to  the  number  of  the  effective  militia  thereof  ;  whereupon  the 
State  and  Territorial  authorities  were  to  distribute  the  arms  so  transmitted  to  them 
among  the  militia,  in  their  respective  States  and  Territories,  under  such  rules  and  reg- 
ulations as  should  be  prescribed  by  the  local  laws.  Accordingly,  the  States  and  Ter- 
ritories, with  which  arms  were  deposited  under  this  act,  must  be  deemed  to  have  held 
them  for  a  specific  purpose  only,  and  consequently  (regarding  the  subject  from  a  strictly 
legal  point  of  view)  to  have  had  no  right  to  divert  them  from  that  purpose  by  aliena- 
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tiou  or  otherwiae.  Thoy  stood,  us  it  were,  in  the  situation  of  trustees,  charged  with 
the  distribution  of  the  arms,  and  had  no  other  property  therein  than  such  as  was 
necessary  to  enable  thein  to  perform  that  trust. 

That  the  States  and  Territories,  in  contemplation  of  this  statute,  wore  to  be  vested 
with  a  (lualiiied,  not  an  absolute,  ownership  of  the  arms  transmitted  to  them,  is  very 
manifest  from  its  terms,  which  exclude  the  idea  that  a  power  to  dispose  of  the  anus, 
in  any  manner  and  for  any  pnri)ose,  such  as  would  be  incident  to  absolute  ownership 
alone,  was  intended,  by  which  tlie  very  object  of  the  law,  viz,  the  arming  of  the  militia, 
might  bo  frustrated  altogether.  A  similar  view  was  taken  by  the  Senate  in  1855,  by 
which  it  was  then  thought  necessary,  in  order  to  enable  the  States  and  Territories  to 
sell  the  arms  theretofore  distributed  nnder  the  act  of  1808,  to  make  provision  therefor 
by  statute,  as  impliedly  appears  from  the  action  of  that  body  in  passing,  by  way  of 
amendment  to  the  Army  appropriation  bill  then  pending  before  it,  a  section  which 
provided  "  that  the  governors  of  the  several  States  and  Territories  be,  and  they  are 
hereby,  anthorized  to  sell,  to  the  best  advantage,  the  arms  heretofore  distributed  under 
the  act  of  April  2'^,  1808,  and  invest  the  funds  arising  out  of  such  sales  in  other  arms 
more  suitable  for  the  purposes  contemplated  by  said  act :  I'rovided,  That  no  arms  be  so 
purchased  or  provided,  except  such  as  may  be  of  the  same  description  and  caliber  as 
those  regularly  adopted  and  in  use  in  the  Army  of  the  United  States."  This  amend- 
ment was  not  concurred  in  by  the  House,  on  the  recommendation  of  the  Committee  of 
Ways  and  Means,  and  so  it  did  not  become  a  law.  Yet  while  the  negative  action  of 
the  House  cannot  with  certainty  be  attributed  to  a  difference  of  view  as  to  the  power 
of  the  States  and  Territories  over  such  arms  under  the  then  existing  laws  (for  it  may 
have  proceeded  from  a  doubt  as  to  the  expediency  of  the  proposed  measure,)  the  affirm- 
ative action  of  the  Senate  can  assuredly  be  taken  as  an  indication  of  its  sense  with  re- 
spect to  such  power,  and  that  was  clearly  this,  that  the  power,  whatever  it  might  be, 
did  not  include  the  right  to  alienate  the  arms  without  the  consent  of  Congress. 

But  to  look  at  the  subject  from  another  stand-point :  I  have  already  adverted  to  the 
fact  that  the  power  of  Congress  to  provide  for  the  arming  of  the  militia  is  expressly 
conferred  by  the  Constitution.  It  is  not  maintained  that  this  power  is  exclusively 
vested  in  Congress.  It  is  merely  an  affirmative  power,  and  if  not  in  its  own  nature 
incompatible  with  the  existence  of  a  like  power  in  the  States,  it  may  well  leave  a  con- 
current power  in  the  latter;  so  that  if  Congress  did  not  choose  to  make  any  provision 
for  arming  the  militia,  it  would  be  competent  to  the  States  to  do  it  in  such  manner  as 
they  might  think  proper.  But  when  once  Congress  has  carried  this  power  into  effect, 
its  laws  for  the  arming  of  the  militia  are  the  supreme  law  of  the  land,  and  all  inter- 
fering State  regulations  must  necessarily  he  suspended  in  their  operation  (Houston  v. 
Moore,  5  Wheat.,  51).  Now,  it  appears  that,  in  the  exercise  of  this  power,  and  with  a 
view  to  provide  for  the  national  defense,  Congress  had  undertaken  to  furnish  arms  for 
the  militia  at  the  expense  of  the  general  government.  The  kind  and  pattern  of  arms 
to  be  thus  furnished  were  left  to  the  determination  of  the  officers  of  the  general  gov- 
ernment, and  hence  such  arms  as  were  procured  and  transmitted  by  these  officers  to 
the  States  and  Territories,  for  the  militia  thereof,  must  be  regarded  as  arms  specifically 
provided  therefor  by  the  paramount  law.  This  being  the  case,  is  it  not  obvious  that 
the  State  and  Territorial  authorities  could  not  rightfully  exchange  those  arms  for 
others  of  a  different  kind  or  pattern,  and  distribute  the  latter  to  the  militia  in  place 
of  the  former,  or  sell  the  arms  so  provided  and  invest  the  proceeds  of  the  sale  in  other 
property  which  such  authorities  might  conceive  to  be  more  needful  to  promote  the 
efficiency  of  the  militia?  In  either  of  these  cases  the  action  of  the  State  and  Terri- 
torial authorities  would  manifestly  be  in  direct  collision  with  the  supreme  law  of  the 
land. 

Still  it  is  to  be  observed  that  the  statute  under  consideration  made  no  provision 
for  any  accountability  to  the  United  States,  in  regard  to  the  disposition  of  the  arms, 
after  their  delivery  to  the  State  and  Territorial  authorities.  When  that  took  place 
the  control  of  the  officers  of  the  general  government  over  the  arms  ceased ;  and  whether 
the  future  destination  or  use  of  the  property  was  consistent  with  the  design  of  the 
statute  depended  wholly  upon  the  good  faith  of  the  States  and  Territories  themselves. 
Practically,  then,  they  might  do  what  they  pleased  with  it,  though  the  disposition 
made  of  it  by  them  should  defeat  the  ends  of  the  statute ;  for  no  way  existed,  as  I 
conceive,  to  compel  the  execution  of  the  trust  devolved  upon  them. 

By  the  seventh  section  of  the  act  of  March  3,  1855  (10  Stat.,  639),  the  annual  dis- 
tribution of  arms  to  the  States,  which,  under  the  act  of  1808,  was  made  in  proportion 
to  the  number  of  effective  militia  thereof  was  required  to  be  made  according  to  the 
number  of  their  Representatives  and  Senators  in  Congress,  respectively;  and,  in  re- 
gard to  the  Territories  and  the  District  of  Columbia,  the  arms  were,  by  the  same  sec- 
tion, required  to  be  distributed  in  such  quantities  and  under  such  regulations  as  the 
President,  in  his  discretion,  might  prescribe.  These  provisions  are  substantially  em- 
bodied in  section  1667  of  the  Revised  Statutes.  They  modify  the  previous  law  no 
farther  than  to  introduce  a  new  basis  for  making  distribution  of  the  arms  to  the 
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States  and  Territories,  which  thenceforth  took  the  place  of  the  one  originally  pre- 
scribed. 

Thus  the  law  remained,  tonchinp;  the  transmission  of  arms  to  the  several  States  and 
Territories  for  the  militia,  up  to  the  time  of  the  adoption  of  the  Revised  Statutes ;  and 
I  discover  nothing  in  the  provisions  of  the  latter  indicative  of  an  intention  on  the 
part  of  Congress  to  clothe  the  States  with  any  right  of  property  in  the  arms  there- 
after to  be  transmitted  to  them  other  or  different  from  that  which  they  had  in  the 
arms  theretofore  deposited  with  them.  The  purpose  of  the  annual  appropriation 
thereby  provided  is  the  same  precisely  as  was  that  of  the  similar  appropriation  pro- 
vided by  the  statute  formerly  in  force,  viz,  to  furnish  arms  for  the  militia.  The  basis 
upon  which  the  arms  are  to  be  distributed  to  the  States  is  likewise  the  same  as  that 
previously  established  (/.  by  the  act  of  1855  cited  above),  and  they  are  required  to 
be  transmitted  to  the  several  States  by  the  United  States.  It  is  true  that,  in  the  Re- 
vised Statutes,  there  is  no  clause  expressly  directing  the  arms  to  be  distributed  by 
each  State  to  the  militia  thereof,  as  there  was  in  tbe  former  statute  ;  but  the  omission 
to  insert  any  such  clause  therein  is  not  to  be  understood  as  signifying  an  intent  to  re- 
lieve the  States  from  that  charge.  The  inference  necessarily  follows,  from  the  declared 
purpose  for  which  the  appropriation  for  procuring  the  arms  is  made,  that  they  are  to 
be  transmitted  to  the  States  for  distribution  among  the  mililia,  and  for  that  object 
solely;  acd  an  express  direction  to  that  effect  not  being  therefore  really  needed,  it  is 
probable  that,  for  this  reason,  none  was  inserted. 

Viewing  tbe  provisions  of  the  Revised  Statutes,  above  quoted,  in  connection  with 
the  previous  legislation,  I  am  unavoidably  brought  to  the  conclusion  that,  in  contem- 
plation of  these  provisions,  the  arras  transmitted  to  the  States  thereunder  are  to  be  held 
by  them  for  a  specific  purpose  only,  which  is  pointed  out  therein ;  that  they  therefore 
become,  strictly  speaking,  invested  with  nothing  more  than  a  qualified  property  in 
such  arms;  and  that  they  cannot,  as  a  matter  of  right,  and  without  thereby  interfering 
with  the  regulations  of  Congress  on  a  subject  over  which  its  authority  is  necessarily 
paramount,  make  any  disposition  or  use  of  such  arms  which  defeats  the  purpose  re- 
ferred to,  though,  if  this  should  be  done,  there  would  seem  to  be  no  remedy  without 
further  legislation  by  Congress. 

In  answer,  then,  to  the  question  propounded,  I  liave  the  honor  to  state  that,  in  my 
opinion,  the  States  do  not,  by  the  existing  laws,  have  *'  the  right  of  property  in  the 
arirs  issued  for  arming  the  militia,"  if  an  absolute  right  of  property  is  there  meant^ 
and  that  they  derive  no  authority,  under  those  laws,  to  sell  or  dispose  of  such  arms  at 
their  pleasure.  As  I  ha.ve  already  observed,  the  statute  makes  no  provision  for  any 
accountability  whatever  to  the  general  government  respecting  the  disposition  of  the 
arms  when  they  have  occe  been  delivered  to  the  State  ;  Congress  having  seen  tit  to 
leave  it  entirely  to  the  good  faith  of  the  latter,  after  the  delivery  takes  place,  to  carry 
out  the  purpose  contemplated  in  furnishing  the  arms. 

In  regard  to  the  actual  case  here  presented,  which  concerns  a  part  of  the  quota  of 
arms  due  the  State  of  Virginia,  I  may  add  that  the  disposition  of  the  revolvers,  here- 
inbefore mentioned,  recently  sought  to  be  made  by  the  authorities  of  that  State,  would 
clearly  have  been  unwarranted  by  the  existing  laAvs  of  Congress  on  the  subject  of 
arming  the  militia.  It  was  accordingly  very  proper  for  the  Chief  of  Ordnance  to  with- 
hold the  delivery  of  the  revolvers  to  the  parties  to  whom  the  orders  issued  therefor  had 
been  assigned.  He  could  not,  under  those  laws,  recognize  any  right  in  such  parties 
to  the  revolvers.  But  the  arms  cannot  be  indefinitely  withheld  from  the  State,  the 
statute  requiring  them  not  only  to  be  annually  distributed,  but  to  be  transmitted  to  it 
by  the  general  government.  After  this  is  accomplished,  the  officers  of  the  latter  have 
nothing  further  to  do  with  the  arms  so  transmitted. 

I  am,  sir,  verv  respectfully,  your  obedient  servant, 

GEO.  H.  WILLIAMS, 

Attorney-General. 

Hon.  W.  W.  Belknap, 

Secretary  of  War. 

4.  What  amount  is  annually  apportioned  to  each  of  the  States  under  section  1C61, 
Revised  Statutes? 

The  amount  annually  apportioned  to  each  of  the  States  and  Territo- 
ries under  section  1667  Eevised  Statutes  (not  1661,  as  stated  in  the  Sen- 
ate resolution)  will  be  indicated  for  the  fiscal  year  1877  by  the  follow- 
ing table : 
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Apportknimcul  of  arniH  for  the  fiscal  j/tiar  endbuj  June  130,  1H77,  umkr  Ihe  law  of  1808  for 
armituj  and  ('quippiiil)  the  miUlia,  as  amended  by  the  seventh  section  of  the  act  ajyproved 
March  3,  1855,  and  regulations  established  in  conformity  therewith. 


States  aud  Toriitoiios. 


Alabama  

Arkansas  

Calif  oruia  

Colorado  

Coimocticut  

Delaware  

Florida  

Georgia  

Illinois  , 

Indiana  

Iowa  

Kansas  

Kentucky  

Louisiana  

Maine  

Marjiand  , 

Massachusetts  

Michigan  , 

Minnesota  

Mississippi  

Missouri  

Nebraska  

Nevada  

New  Hampshire  

New  Jersey  

New  York'  

North  Carolina  

Ohio  

Oregon  

Pennsylvania  

Rhode  Island  , 

South  Carolina  

Tennessee  

Texas  

Vermont  , 

Virginia  

"West  Virginia  

"Wisconsion  

Arizona  Territory*  

Dakota  Territory*  

Idaho  Territory*  

Montana  Territory''  

New  Mexico  Territory* 

Utah  Territory*  

"Washington  Territory* . 
"Wyoming  Territory*... 
District  of  Columbia 


Total  . . 
Freights,  &c. 


Total,  being  the  appropriation  for  the  fiscal  year  ending  June  30,  1877. 


Apportionment  according  to  the  first  paragraph  of  the  President's  regulation  of  April  30, 1855. 


The  annual  appropriation  of  $200,000  for  arming  and  equipping  the  militia  is  dis- 
bursed by  the  Ordnance  Department  in  the  purchase  and  manufacture  of  arms  and 
equipments.  The  appropriation  may,  at  any  given  time,  be  all  exi)ended,  and  yet  each 
State  may  be  consistently  said  to  have,  at  the  very  time,  a  money-value  to  its  credit. 
The  reason  is  this :  Previous  to  the  year  1864  the  apportionments  of  the  beneiits  of  the 
law  of  1808  to  the  several  States  and  Territories  for  the  militia  within  their  limits  were 
expressed  on  the  militia  books  of  issues  in  this  office  in  terms  of  muskets."  This 
method  had  come  down  from  1808,  when  the  theory  of  application  of  the  law  was  the 
armament  of  the  indiriduals  composing  the  militia.  "When  artillery  and  other  military 
«tores  came  subsequently  to  be  issued,  they  were  rated  as  equivalent  to  so  many 
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''muskets.''  States  were,  therefore,  in  those  times,  said  to  have  so  many  ''muskets" 
to  their  credit ;  but  in  1864,  owing  to  the  diversity  of  ordnance  material  that  had  come 
to  be  issuable  to  the  militia,  and  the  trouble  of  reducing  everything  to  an  equivalent 
of  "muskets,"  the  basis  of  "muskets"  was  abandoned,  and  the  proper  proportion  of 
the  benefits  of  the  annual  appropriation  falling  to  each  State  and  Territory  was  entered 
in  money-values  in  the  books  of  issues,  and  each  State  and  Territory  was  thenceforward 

said  to  hav-e  so  many  $  to  its  credit  instead  of  "muskets."    The  entry  of  these 

money-values  in  the  books  of  issues  was  to  show  that  arms,  &c.,  whose  cost  amounted 

to  $  on  our  books,  could  be  drawn,  and  to  prevent  excessive  issues  by  reducing 

all  articles  required  and  issued  to  a  money  standard.  The  money-values  to  the  credit 
of  a  State  at  any  time  on  these  books  of  issues  simply  represented  the  muskets,  or 
rifles,  or  artillery,  or  other  quality  of  ordnance  stores  which  that  State  was  entitled 
to  draw  at  pleasure,  at  stipulated  prices,  from  the  custody  of  the  Ordnance  Depart- 
ment. Sometimes  a  State  would  not  draw  any  ordnance  materials  from  the  govern- 
ment for  several  years,  when  the  quantity  of  stores  to  which  it  would  then  be  entitled 
would  be  indicated  by  the  sum  of  the  annual  apportionments  which  had  in  the  mean 
time  accrued  to  it. 

The  method  of  apportioning  to  the  States  their  proper  portions  of  the  ordnance 
materials  procurable  under  the  annual  appropriation,  as  indicated  in  the  foregoing 
table  by  dividing  the  amount  of  the  whole  appropriation  among  them  according  to 
"//(f  numher  of  Senators  and  llepresentatives  of  each  in  Congress/'  was  established  by  act 
of  March  3,  1855,  which  also  directed  the  distribution  of  arms  to  the  Territories  and 
District  of  Columbia  in  such  quantities  as  the  President  might  prescribe.  These  pro- 
visions are  embodied  in  section  1G67  Revised  Statutes. 

o.  Whether  anj  State  has  received  or  been  credited  with  more  or  less  than  its  pro- 
portion of  the  sum  annually  appropriated,  and  what  amount,  if  any,  is  now  due  to  any 
of  the  States  ? 

During  tlie  period  of  the  late  war,  as  well  as  during-  the  period  sub- 
sequent thereto,  when  the  States  engaged  in  the  rebellion  were  not  repre- 
sented in  Congress,  the  apportionments  or  quotas  falling  due  to  those 
States  were  regularly  entered  up  to  their  credit  on  the  books  of  this 
office ;  and  as  these  States  drew  no  stores  during  the  war,  and  very  few 
subsequent  thereto,  the  quantities  to  which  they  were  entitled  in  1870* 
were  the  accumulated  values  of  several  years.  The  following  state- 
ment shows  the  money- values  of  stores  which  had  accrued  to  them 
during  the  period  of  their  non-representation  in  Congress,  viz : 


States. 


Periods  of  nou  representation. 


Alabama  

Arkansas  

riorida  

Georgia  

Louisiana  

Mississippi  

North  Carolina 
South  Carolina. 

Tennessee  

Texas  

Virginia   


Tears  1862-"63-"64-'65-"G6-  '67-'68-'69 , 

Years  1862-'63-'64-'65-'66-'67  

 do  

Tears  1864- G5   

Years  1862-"63-'64-'65-"66-'67-'e8-'69  * 
 do  


Years  1862-'63-'64-"65-'66-'67 


do 
do, 
do. 
do. 


$27,  907  30 
15,  595  63 
10,  049  12 
31,252  67 
22,  299  38 
31, 116  58 
31,  258  67 
22,  337  83 
11,094  81 
24,  408  82 
48,  404  79 


Total 


275,  725  60 


*  Except  South  Carolina,  to  whom  $124,000  worth  were  issued  in  1869,  by  authority 
of  the  Secretary  of  War,  far  exceeding  the  accrued  quotas  due  at  that  time. 
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As  it  was  qiiostioiiiible  whcilicr  tliosc  Stiites  should  be  ix^niiitted  to 
draw  the  arms,  which  luid  aecrued  to  them  during-  tlie  period  of 
their  non-representation  in  Congress,  the  aet  of  Marcli  .5,  1873  (17  Stat, 
at  Large,  (JOS),  specifieally  directed  the  distril)ution  "to  sucli  States  as 
did  not,  from  the  year  ISC2  to  the  year  ISO'l),  receiv^e  tlie  same,  tlieir 
i)roper  quota  of  arms  and  military  e(iuii)ments  for  eacli  year  from  18G2 
to  18()9,"  and  the  States  thereafter  drew  at  pleasure  for  the  arms  and 
equipments  which  the  above  money-values  represented.  By  Marcli  3, 
1875,  most  of  them  had  drawn  all  or  the  greater  portion  of  the  arms 
above  referred  to,  together  with  those  whicli  had  accrued  to  them  by 
intervening  annual  apportionments.  I>ut  on  the  last-named  date  the 
act  making  appropriations  for  the  supi)ort  of  the  Army  for  the  year  1870 
directed,  by  a  i)roviso  to  its  third  section,  that — 

So  much  of  the  aiiiu-opyiations  betweou  January  I,  18G1,  and  April  9,  1865,  under  the 
act  of  April  1808,  herein  referred  to,  as  would  have  been  used  for  the  purchase  of 
arms  to  be  distributed  to  the  several  States  tli.'it  were  in  rebellion,  shall  be  covered 
into  the  Treasury  of  the  United  States. 

The  efi'ect  of  the  last  quoted  law^  has  been  to  deprive  some  of  the 
States  of  the  benefits  of  the  act  of  1873  (for  instance,  Alabama, 
$21,100.01;  Florida,  $7,314.90;  North  Carolina,  $11,200.01 ;  Tennessee, 
$11,094;  South  Carolina,  $18,049.53),  and  I  recommend  that  it  be 
repealed. 

No  greater  or  less  amount  than  the  regular  share  of  the  annual  aj)- 
propriation  of  $200,000  is  credited  to  any  of  the  States  or  Territories 
on  the  books  of  issues  in  this  office.  In  emergencies  there  have  been 
issues  of  stores  made  (by  special  authority  of  the  President  or  Secre- 
tary of  War)  in  excess  of  the  quantities  due  the  States,  and  such  issues 
have  always  been  charged  on  their  militia  arms  accounts  against  the 
States  receiving  the  same. 

During  the  late  war  extraordinary  quantities  of  ordnance  and  ord- 
nance stores  were  issued  to  the  authorities  of  many  of  the  loyal  States 
for  internal  armament  and  defense,  and  the  money- values  of  these 
stores  were  in  all  cases  charged  up  on  their  arms  accounts  in  the  books 
of  issues  in  this  office.  Many  States  were  thereby  charged  with  stores 
far  in  excess  of  what  could  be  liquidated  in  any  reasonable  length  of 
time  by  the  apportionments  annually  falling  due;  and  in  March,  1875, 
the  act  for  the  support  of  the  Army  contained  the  following  provision : 

Sec.  3.  That  all  issues  of  arms  and  other  ordnance  stores  which  were  made  by  the 
War  DeiJartment  to  the  States  and  Territories  between  the  first  day  of  January, 
eighteen  hundred  and  sixty-one,  and  the  ninth  day  of  April,  eighteen  hundred  and 
sixty-five,  under  the  act  of  April  twenty-third,  eighteen  hundred  and  eight,  and 
charged  to  the  States  and  Territories,  having  been  made  for  the  maintenance  and 
preservation  of  the  Union,  and  properly  chargeable  to  the  United  States,  the  Secretary 
of  War  is  hereby  authorized,  upon  a  proper  showing  by  such  States  of  the  faith- 
ful disposition  of  said  arms  and  ordnance  stores,  in  the  service  of  the  United  States  i» 
the  suppression  of  the  war  of  the  rebellion,  to  credit  the  several  States  and  Territo- 
ries with  the  sum  charged  to  them  respectively  for  arms  and  other  ordnance  stores 
which  were  issued  to  them  between  the  aforementioned  dates,  and  charged  against 
their  quotas  under  the  law  for  arming  and  equipping  the  militia:  Provided,  That  it 
shall  be  the  duty  of  the  Secretary  of  War,  before  making  a  credit  to  any  of  said  States 
and  Territories,  to  investigate  and  ascertain,  so  nearly  as  he  can,  the  disposition  made 
by  each  of  said  States  and  Territories  of  said  arms  and  ordnance  stores ;  and  if  he 
shall  find  that  any  of  said  arms  or  ordnance  stores  have  been  sold  or  otherwise  misap- 
plied, to  refuse  a  credit  to  such  State  or  Territory  for  so  much  of  said  arms  and  ord- 
nance stores  as  have  been  sold  or  misapplied;  and  the  amount  thereof  shall  remain  a 
charge  against  said  State  or  Territory,  the  same  as  if  this  act  had  not  been  passed. 

The  following  table  shows  the  money-values  of  all  stores  issued  to 
the  several  loyal  States  and  Territories  between  the  above  given  dates. 
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the  credits  wliicli  have  beeu  given  uuder  the  terms  of  the  law,  aud  the 
money-vakies  of  stores  issued  between  those  dates  wliich  the  States 
have  not  yet  shown  to  have  been  used  in  the  service  of  the  United 
States,  and  for  which  credit  has  not  been  given  in  this  office : 


states. 


California  

Connecticut  

Delaware  

Illinois  

Iowa  

Indiana  

Kansas  

Kentucky  

Maine  

Maryland  

Massachusetts  

Michigan  

Minnesota  

Missouri  

New  Hampshire  

New  York  

North  Carolina  

Ohio  

Oregon  

Pennsylvania  

Rhode  Island  

Tennessee  

Vermont  

Wisconsin  

Arizona  Territory  , 

Dakota  Territory  

Nebraska  Territory  . . . 
New  Mexico  Territory 
District  of  Columbia  . . 


Total   1.660,090  59 


A" 


1221,  041 
3,  438 
20,  431 
98,  674 
923 
16,  910 

44,  231 
1, 139 

13,  959 
1,188 

25,  210 
7,  294 

7,  595 
5,  330 

32,  964 
107,  246 
5,  896 
281,  870 

14,  416 
1,  327 

,  25,  638 

8,  803 
638,  358 

8,  486 
1,982 
10, 022 
8,  487 

45,  251 
1,  976 


1^ 


$182,281  51 
3,  438  00 
17,  000  00 

923  00 

""'44.'23i'66' 


13,  959  25  I 
1,188  00 

25,  210  00 
7,  294  00 
4.  286  88 


1,660  00 
106,  292  00 


149,  800  05 


1, 327  00 


28,  537  22 
*8,  486  73 


1.  064, 175  95 


*rull  credit  given  this  State  January  2,  1878. 


It  has  been  represented  to  this  office  that  in  some  cases  States  have 
sold  some  of  these  arms,  &c.,  and  placed  the  proceeds  into  the  State 
treasury.  As  these  sales  took  place  after  the  war,  and  when  the  arms, 
&c.,  were  comparatively  worthless,  the  difference  in  value  between  what 
was  received  from  the  sales  by  the  States  and  what  was  originally 
charged  against  them  on  our  books  was  very  great.  It  seems  to  me 
that  justice  demands  that  this  difference  be  credited  to  the  States  on 
our  books.  With  this  view  I  submit  the  following  as  a  draft  of  a  bill 
that  would  cover  the  case : 

That  section  3  of  the  act  making  appropriations  for  the  support  of  the  Army  for 
the  fiscal  year  ending  June  30,  1876,  and  for  other  purposes,"  approved  March  3,  1875, 
is  80  far  modified  as  to  direct  the  Secretary  of  War  to  make  credifc  to  any  State  that 
has  sold  arms  or  ordnance  stores,  of  the  difference  of  the  amount  charged  for  said  arms 
or  ordnance  stores  on  the  books  of  the  Ordnance  Office,  and  the  amount  received  by 
the  State  from  sales  of  said  arms  or  ordnance  stores. 

The  following  statement  shows  the  money-valnes  of  the  ordnance 
stores  due  the  States  and  Territories,  or  overdrawn  by  them,  as  ex- 
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hil)itc(l  by  the  ticcouiits  of  these  several  States  and  Territories  on  the 
book  of  issues  in  this  office,  on  the  date  liereof,  viz: 


states  and  Territories. 


Alabama  — 
Arkansas  ... 
California. .. 
Connecticut. 
Delaware  ... 

Florida  

Georgia  

Illinois  

Indiaau  

Iowa  

Kansas  

Kentucky  .. 
Louisiana 
Maine  


Maryland  

Massachusetts  . . 

Michigan  

Minnesota  

Mississippi  

Missouri  

Nei)raska  

Nevada  

New  Hampshire 

New  Jersey  

New  York   

North  Carolina . . 
Ohio   


Oregon   

Pennsylvania  

Rhode"  Island  

South  Carolina  

Tennessee  

Texas  

Vermont  

Virginia   

West  Virginia  

Wisconsin  

Colorado   

Apportionment  in  conformity  with  paragraph  1  of  President's  regu- 
lation of  April  30,  1855 : 

Arizona  Territory  

Dakota  Territory  

Idaho  Territory   

New  Mexico  Territory  

Montana  Territory  

Utah  Territoiy   

Washington  Territory  

Wyoming  Territory  

District  of  Columbia.  


9j  p  a  CO 

o  * 
^  0  0 

u  <c  a  cs 


$5,  202  77 
9,  09d  78 


135  63 
16, 337  14 
9(52  18 
10  28 


5,994  10 

1,004  07 

7, 488  55 

31,226  16 

5  47 

7,  111  59 

27  73 
222  63 

26,  000  98 

10,  181  01 

5,417  04 

11,796  61 

1, 448  84 

13  89 


4,  357  56 
39,  378  08 
1  29 


2,  057  00 


627  02 
4,  771  32 
16,  749  00 


1, 440  29 


61,  734  59 
3,  840  59 
2, 895  87 
3,  758  45 


6.  If  at  any  time  any  of  the  States  bave  been  excluded  from  the  benefits  of  section 
1661,  what  States,  and  for  how  long  ? 

!  The  length  of  time  during  which  any  of  the  States  have  been  ex- 
cluded from  the  benefits  of  section  1661,  Revised  Statues  TJ.  S.,  has  been 
stated  in  my  answer  to  the  fifth  interrogatory. 

7.  What  kind  of  arms  and  what  articles  are  or  can  be  furnished  to  the  militia  under 
the  terms  "arms  and  equipments"? 

As  hag  been  before  stated,  the  first  issues  made  to  the  States  and 
lerrirories  under  the  act  of  1808  consisted  of  muskets  (or  rifles)  and 
ciccouterments,  being  the  armament  of  the  individual  soldier.  Subse- 
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quently  light  artillery  and  carriages  were  issued  in  lieu  of  small-arms, 
if  so  desired  ;  and  ammunition  of  all  kinds  has  been  issued  to  the  States 
without  reserve  since  the  late  war.  At  the  present  time,  any  article 
that  is  issuable  to  the  Kegular  Army,  and  which  may  be  in  the  custody 
of  the  Ordnance  Department,  or  procurable  by  it,  may  be  drawn  by  the 
State  authorities. 

8.  Should  the  amount  annually  appropriated  be  increased  ? 

The  annual  appropriation  of  $200,000  for  arming  and  equipping  the 
militia,  fixed  by  the  act  of  April  23,  1808,  is  entirely  inadequate  at  the 
present  time,  with  a  population  increased  from  eight  to  more  than  forty 
millions.  As  a  consequence,  some  of  the  richer  States  of  the  Union 
have  had  to  make  appropriations  of  money  to  provide  the  arms,  &c., 
necessary  to  supply  such  deficiency,  although  the  intention  of  Congress, 
as  expressed  in  the  law  of  1808,  was  that  the  money  so  appropriated 
should  supply  the  whole  body  of  militia."  If  $200,000  was  not  deemed 
too  much  in  1808,  when  arms,  &c.,  were  cheap,  as  compared  with  the 
improved  and  costly  mechanism  now  admitted  to  be  a  necessity,  an  in- 
crease of  the  appropriation  to  $1,000,000  annually  will  be  required  to 
fully  meet  the  wants  of  the  "  whole  body  of  the  militia,"  and  carry  out 
the  expressed  wishes  of  Congress. 

In  further  answer  to  the  eighth  interrogatory,  I  beg  to  invite  attention 
to  my  remarks  upon  the  subject  in  my  Annual  Eeport  of  October  5, 1877, 
page  7. 

The  Senate  resolution  is  herewith  returned. 
Very  respectfully,  your  obedient  servant, 

S.  y.  BEN^IT, 
Brigadier- General^  Chief  of  Ordnance. 
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TRIAL  OF  THE  GARDNER  MACHINE  GUN  BY  THE  ORDNANCE  BOARD 

U.  S.  A. 

COMPOSED  OF  LIKUTKNANT-COLONELS  8.  CUISPIN  AND  T.  G.  BAYLOR  AND  MAJOR  CLIF- 
TON COMLY,  ORDNANCE  DEPARTMENT. 

(Six  plates.) 
Plate  IV. 

The  Gardner  ^iiii,  as  subiuitted  to  tlie  board  and  as  shown  witli  its 
carriage  on  tlie  drawings  herewith  transmitted,  consists  of  two  breech- 
loading  rifled  barrels,  caliber  .45,  chambered  for  the  service  cartridge, 
placed  horizontally  and  parallel,  1.4  inches  apart,  which  with  the  work- 
ing mechanism  are  inclosed  in  a  brass  casing.  By  one  complete  turn  of 
the  hand-crank  both  barrels  are  loaded,  fired,  and  the  shells  ejected. 
The  barrels  are  held  in  position  by  rear  and  front  barrel  rings  i)inned  to 
the  case.  The  casing  extends  sufficiently  from  the  rear  barrel  ring  to 
contain  the  lock  mechanism,  together  with  the  driving  crank  and  safety 
stop.  A  swinging  cover,  hinged  immediately  over  the  rear  barrel  ring, 
gives  easy  access  to  all  working  parts  of  the  gun  in  case  of  defective 
cartridges,  derangement  of  locks,  or  other  accident.  The  cover  when 
closed  is  secured  in  i)osition  by  a  few  turns  of  the  cascable,  which  for 
that  purpose  has  a  screw-thread  cut  on  its  neck  or  stem  entering  the  rear 
of  the  case.  The  hand-crank  that  operates  the  gun  is  pinned  fast  to  the 
main  cranky  which  is  supported  by  journal  boxes.  The  boxes  are  locked 
into  the  rear  case,  and  serve  as  a  protection  to  the  swinging  cover  from 
side  thrusts.  The  body  of  the  main  crank  is  circular,  having  journals 
or  crank-pins  for  operating  the  locks  diametrically  opposite  each  other — 
the  firing  being  alternate — and  eccentric  enough  to  give  the  required 
motion  to  the  locks  as  they  are  moved  forward  and  back,  driving  in 
cartridges  and  withdrawing  shells.  The  outer  portion  of  the  crank-pins 
or  journals  are  flattened  to  the  circle  of  the  peri]3liery  of  the  main  crank 
for  the  purpose  of  holding  the  lock  stationary  while  firing,  about  one- 
fifth  part  of  the  revolution  of  hand-crank,  allowing  time  for  liang-fires. 
The  lock  in  form  resembles  the  letter  U,  having  an  extension  trom  its 
side,  which  contains  the  firing -pin^  main  (spiral)  spring^  sector  or  spring- 
compressor^  sector  sleeve^  extractor^  and  lock-head.  The  U  part  of  the 
lock  that  works  under  and  around  the  crank-pin  is  curved  at  the  inner 
front  to  correspond  with  the  outer  circle  of  the  crank,  the  office  of  the 
curved  front  being  to  hold  the  lock  in  position  for  firing.  The  circular 
firing-pin  is  flattened  a  portion  of  its  length  near  the  front  end,  to  allow 
it  to  pass  under  the  extractor,  by  which  it  is  held  in  position.  It  extends 
from  the  head  of  the  lock  through  the  main  spring  and  sector  sleeve, 
terminating  in  a  flange  or  head  for  locking  into  the  sear.  The  sear^ 
having  the  form  of  a  bell-crank,  pivoted  in  the  center  to  the  lock,  holds 
the  firing-pin  securely  and  prevents  its  forward  motion  until  it  is  released 
from  its  hold  by  the  action  of  the  crank-journal  when  the  lock  is  in  its 
extreme  forward  i)osition. 

The  sector  or  spring- compressor,  hinged  in  a  recess  of  the  lock  and 
engaging  by  means  of  gear-teeth  with  the  sector  sleeve,  has  its  arm 
forced  against  the  safety-stop  as  the  main  crank  advances,  thus,  com- 
pressing, through  the  medium  of  the  sector- sleeve,  the  main  spring  and 
holding  it  tense  until  released  by  action  of  the  sear. 

The  lock-heads  serve  as  breecli-plugs,  and  receive  the  recoil  when  the 
cartridges  are  fired.    Each  lock  carries  a  liook  extractor^  which  rides  OA  cr 
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and  catches  tlie  flange  of  the  cartridge  when  the  lock  is  forced  forward, 
and  when  the  lock  retreats  withdraws  tlie  empty  shell  until  it  comes 
within  reach  of  the  ejector,  by  which  it  is  positively  thrown  out.  The 
shell  starters  have  a  positive  movement  in  connection  with  the  lock- 
head.  Should  the  cartridge  be  driven  by  the  extractor  into  the  barrel 
to  its  head  (as  is  the  case  when  the  gun  is  worked  rapidly)  before  the 
lock  is  in  firing  position,  it  is  forced  from  the  chamber  by  the  shell- 
starter  as  tlie  lock  advances  and  is  held  long  enough  for  the  extractor 
to  engage  with  the  head,  when  the  lock,  extractor,  and  cartridge  are 
driven  home  together. 

The  ejectors,  hinged  to  the  case,  are  driven  by  x)rojections  on  the  sides 
of  the  locks,  which  give  them  lateral  movements  to  eject  the  empty 
shells,  or  full  cartridges  in  case  of  missfires.  They  also  serve  as  stops 
to  prevent  the  cartridges  from  falling  through  the  perforated  i)late  as 
they  are  forced  down  through  the  feed  valve. 

The  perforated  plate  extending  across  the  rear  case,  to  which  it  is 
fastened  by  a  pin,  has  two  parallel  semicircular  grooves,  which  are  en- 
larged extensions  of  the  chambers  in  the  barrels.  From  the  back  part 
of  the  groove  slots  large  enough  to  pass  freely  the  cartridge  (being 
wider  at  the  rear  behind  the  ejector  than  at  the  front)  are  cut  downward 
through  the  plate.  When  the  retractor  has  drawn  the  shell  back  nearly 
to  the  extent  of  the  throw  of  the  crank  the  ejector  forces  the  shell 
through  the  slot,  and  is  then  in  position  to  receive  another  cartridge 
from  the  feed  plate  or  valve.  The  feed  valve,  attached  to  the  swinging 
cover,  has  a  reciprocating  motion  across  the  perforated  plate.  It  has 
two  angular  openings  of  the  size  and  shape  of  the  outline  of  the  cart- 
ridge, with  centers  equidistant  with  centers  of  the  barrels.  After  a 
cartridge  has  dropped  one  half  its  diameter  into  the  valve  it  is  forced 
by  the  action  of  the  latter  into  its  true  position  and  held  positively 
against  the  cartridge  support.  When  the  valve  is  again  moved  back  the 
cartridge  is  forced  downward  into  the  perforated  ]Ylate  and  the  column 
of  cartridges  is  cut  off  in  the  swinging  cover  feed  ways,  which  are  ex- 
tensions of  the  feed  guide  that  is  located  above  and  in  line  with  the  per- 
forated plate. 

The  feed  valve  is  driven  by  the  feed  plate  lever.  This  also  is  attached 
to  the  swinging  cover  and  is  operated  by  the  locks,  using  about  one- 
eighth  the  stroke  of  the  crank  in  its  forward  motion,  thereby  giving  the 
valve  time  to  hold  both  cartridge  and  shell  down  in  position  as  they 
move  in  and  out  from  the  barrel.  The  feed  guide  is  a  simple  plate,  hav- 
ing two  parallel  T-grooves  extending  from  end  to  end,  their  centers 
equidistant  with  the  centers  of  the  barrels.  The  upper  end  of  the  guide 
has  a  trumpet-shaped  mouth,  to  facilitate  the  entrance  of  the  cartridge 
heads.  The  lower  end  is  provided  with  a  cartridge  stop,  which  lifts  all 
cartridges  contained  in  the  guide  when  it  is  taken  out  from  the  swing- 
ing cover  by  which  it  is  supported.  The  guide  is  held  fast  in  firing 
position  by  a  spring  catch.  It  can  be  quickly  released  by  drawing 
back  the  spring  catch  by  pressure  on  its  exposed  arm.  In  x^lacing 
the  guide  in  position  the  spring  catch  becomes  self-acting.  These 
operations  require  but  one  hand,  leaving  the  other  free  to  i)lace  the 
safety-stop  arm  in  position.  The  safety  stop  is  an  oblong  block  hav- 
ing an  angular  face,  against  which  the  arm  of  the  sector  in  the  lock 
may  engage  when  the  locks  are  moved  forward  by  the  crank.  It  is  held 
in  position  by  two  links,  which  are  moved  by  an  arm  that  is  pinned  fast 
to  a  shaft  passing  through  the  rear  case,  to  the  outer  end  of  which  is 
pinned  the  stop  arm.  This  arm  is  constructed  in  the  form  of  a  hand- 
crank,  having  a  stop  spindle  placed  in  its  handle,  behind  the  shoulder 
of  which  is  placed  a  spiral  spring  that  forces  the  spindle  out  from  the 


REPORT  OF  TWK  CAUKF  OV  ORDNANCE. 


1589 


arm  into  tlio  stop-holes,  two  in  nuinbei-,  in  tlie  roar  case.  Wlicn  tl)C  stop 
spindle  is  in  the  npi)er  hok^  the  arm  is  in  line  with  barrels,  the  safety  stop 
is  thrown  within  reach  of  the  sector  arm,  by  whieh  the  main  springs  aro 
compressed,  and  the  ^i^nn  is  in  lirin<j:  position.  When  the  spindle  is  in  the 
lower  hole  the  stop  is  carried  forward  ontof  the  way  of  the  sector  arm,  and 
in  no  case  can  the  springs  be  compressed  while  the  safety  arm  is  down. 

The  cartridges  are  contained  in  perforated  wooden  blocks  (holding 
twenty  each),  channeled  on  the  sides  for  receiving  the  fitted  tin  covers 
in  the  manner  adapted  to  the  Gardner  gnn.  The  cartridges  thns  arranged 
are  simply  and  readily  conveyed  through  the  feed  guider  to  the  gun, 
and  as  the  block  is  emptied  before  the  cartridges  previously  inserted  are 
expended  a  continuous  tire  can  be  sustained. 

In  the  service  of  the  gun  three  men  are  required  :  one  at  the  lever  and 
turning  the  crank,  one  inserting  and  withdrawing  the  cartridge  blocks, 
the  other  in  passing  cartridges  properly  fitted  in  their  blocks. 

Carriage. 

Plates  Y  and  YI. 

The  distinctive  feature  of  the  carriage  lies  in  the  bed-plate,  with  its 
arrangement  for  oscillation,  and  in  the  manner  of  attaching  or  mounting 
the  gun.  For  the  latter  purpose  the  frame  fitted  to  the  bed-plate  has  at 
its  forward  portion  a  projecting  arm  (.r)  bored  at  the  upper  end  for  at- 
tachment by  an  ordinary  pinned  hinge  to  the  casing  of  the  gun  at  a 
point  just  below  the  rear  barrel  rings.  The  second  attachment  is  at  the 
rear  of  the  casing  by  means  of  a  sliding  clamp  to  the  elevating  (and  oscil- 
lating) lever,  which  in  its  turn  is  attached  to  the  plate  at  the  point  {y). 

Oscillation  and  field  of  fire. 

Plate  Y. 

The  bed-plate  holds  a  spring  (a,  Fig.  1)  by  means  of  which  the  oscil- 
lation of  the  gun  can  be  increased  or  diminished,  as  follows  i  The  luge, 
Fig.  5,  which  governs  the  lateral  motion  of  the  gun,  has  a  screw  attached 
to  the  upper  end,  this  screw  passing  through  to  the  rear  of  the  bed-plate 
and  arranged  with  an  adjustable  handle  and  stay-nut.  When  the  lug- 
is  drawn  by  the  screw  to  its  rearmost  point  the  lug  enters  the  semicir- 
cular notch  Fig.  1,  and  side  motion  of  the  gun  is  checked  ;  as  the  lug 
is  pushed  forward  by  running  in  the  screw,  the  lever  being  worked  from 
side  to  side,  it  strikes  the  sides  of  the  springs  (a,  a),  the  amplitude  of 
the  oscillation  increasing  as  the  lug  is  pushed  forward,  until  passing  the 
spring  it  reaches  the  circular  channel  A;,  where  it  is  checked  by  a  stop- 
pin  when  the  gun  has  the  full  range  of  the  horizon.  When  in  this 
position  the  lateral  motion  can  be  checked  at  any  point  by  using  the 
clamp  (Fig.  4,)  encircling  the  rim  (Fig.  1,)  which,  being  a  part  of  the 
bed-plate  and  attached  to  the  carriage,  is  immovable. 

Results  of  firing. 

Plates  I,  II,  and  III. 

I'wenty  cartridges,  fired  for  the  purpose,  gave  an  average  initial  velocity 
of  1,280  feet.  A  test  for  rapidity  ot  fire  gave  an  average  of  357  per 
minute. 

The  target  firing  at  targets  of  spruce  boards,  11x52  feet,  resulted  as 
follows : 

At  200  yards,  98.20  per  cent,  of  hits. 
At  500  yards,  92.20  per  cent,  of  hits. 
At  1,000  yards,  52  per  cent,  of  hits. 
There  were  no  missfires,  and  the  gun  worked  evenly  and  well. 
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Recommendation. 


The  trials  of  this  gun  at  Sandy  Hook  having  shown  it  to  be  one  of 
simple  construction,  easily  manipulated,  and  of  sure  action  (though  of 
less  rapidity  of  fire  than  other  machine  guns  heretofore  tested  by  the 
board),  and  in  view  of  the  fact  that  its  cost,  for  a  machine  gun,  will  be 
comparatively  light,  the  board  would  recommend  the  purchase  by  the 
dei^artment  of  a  limited  number  for  actual  trial  in  service,  as  comx^ared 
to  other  machine  guns  now  in  the  hands  of  troops. 

Nomenclature  of  the  Gardner  gun. 


Plate  IV. 


1.  Main  case. 

2.  Breech  cover. 

3.  Breech  cover  pin. 

4.  Breech  cover  pin  washer. 

5.  Oascabel. 

6.  Oascabel  screw. 

7.  Barrels. 

8.  Front  barrel  ring. 

9.  Kear  barrel  ring. 

10.  Eear  barrel  ring  pin. 

11.  Front  barrel  ring  taper  pin. 

12.  Main  crank. 

13.  Main  crank  steel  pieces. 

14.  Main  crank  steel  pieces  screws. 

15.  Main  crank  journal  boxes. 

17.  Hand  crank. 

18.  Hand  crank  handle. 

19.  Hand  crank  handle  spindle. 

20.  Hand  crank  handle  spindle  nut. 

21.  Hand  crank  taper  pin. 

22.  Feed  valve. 

23.  Feed  valve  guide. 

24.  Feed  valve  guide  screws. 

25.  Feed  valve  lever. 

26.  Feed  valve  lever  slide. 

27.  Feed  valve  pivot  screw. 

28.  Perforated  plate. 

29.  Perforated  plate  taper  pin. 

30.  Perforated  plate  cartridge  sup- 

port. 

31.  Perforated  plate  cartridge  sup- 

port screws. 

32.  Shell  starters. 

33.  Shell  starter  i)in. 

34.  Ejectors. 

35.  Ejector  pin. 

36.  Lock  frame. 

37.  Lock  frame  head. 

38.  Lock  frame  truck. 

39.  Lock  frame  truck  pin. 

40.  Lock  frame  sectors. 

41.  Lock  frame  sector  pin. 

42.  Lock  frame  sector  sleeve. 


43.  Sear. 

44.  SearxMn. 

45.  Sear  sx^ring. 

46.  Sear  spring  xnn. 

47.  Sector  stox)  \)m. 

48.  Firing  pin. 

49.  Mainspring. 

50.  Extractors. 

51.  Extractor  x^in. 

52.  Safety  stop. 

53.  Safety  stox)  link. 

54.  Safety  stop  link  pin. 

55.  Safety  stop  lever. 

56.  Safety  stox>  shaft. 

57.  Safety  stox)  shaft  tax)er  pin. 

58.  Safety  stop  arm. 

59.  Safety  stox3  arm  stop. 

60.  Safety  stop  arm  stox>  head. 

61.  Safety  stox)  arm  stop  spring. 

62.  Safety  stop  arm  stox^  head  i)in. 

63.  Cocking  cam. 

64.  Front  sight. 

65.  Bear  sight  bar. 

66.  Bear  sight  guide. 

67.  Bear  sight  x^inion. 

68.  Bear  sight  pinion  head. 

69.  Bear  sight  pinion  head  pin. 

70.  Bear  sight  guide  screws. 

71.  Bear  sight  tension  sx^ring. 

72.  Feed  guide. 

73.  Feed  guide  catch. 

74.  Feed  guide  catch  pin. 

75.  Feed  guide  catch  spring. 

76.  Feed  guide  cartridge  stop. 

77.  Feed  guide  cartridge  stop  pin. 

78.  Feed  guide  cartridge  stop  slide. 

79.  Feed  guide  cartridge  stop  slide 

spring. 

80.  Feed  guide  cartridge  stop  slide 

pin. 

Weight  of  gun,  142  pounds. 
Weight  of  gun  and  carriage, 
502  pounds. 


Special  remarks. 


fore  firing,  the  gun  wa.s  taken 
tpart  by  an  expert ;  b.it  rels  be- 
ng  taken  off  and  iiisido  niecban- 
ism  taken  out,  and  tbcn  put  to- 
tetber  again,  ready  for-  liuing. 
lime  taking  apart,  I'  2".  Time 
jutting  together,  1'  29".  After 
Iring  t Tie  4tb  series  of  500  rounds, 
i>o».r«»»,^*^li^        was. again  taken  apart, 
44  •  ref^^^^  hot,  and  af  tei-  cooling  the 
■wind  '''^^^      rear  end  of  bai  rels. 

'  \vas  put  together  again.  Time 
-R-_.^^4iaking apart,  1'  14".    Putting  to- 
-"^2 .  rePtlier,  1'  4  i".  During  the  tiring 
wind  pnsidei  able  more  eti'ort  was  re- 
'  ijuired  to  work  the  gun  when 
asing  the  Frankford  ammuni- 
tion than  when  using  the  Bridge- 
bort.    Three  men  I'equired  to 
tvoik  gun— one  to  turn  crank 
l»a._^-_,-Jind  oscillate,  one  to  pass  ammu- 
^"™%ition,  and  the  other  to  feed  it. 

'be  gun  was  not  cleaned  during 
the  firing,  and  there  were  no 
baits  or  delays  owing  to  defects 
pf  mechanism,  and  no  failures  to 
extract.  The  firing  of  500  rounds 
for  rapidity,  with  either  cart- 
ridge, required  about  all  the 
effort  one  man  could  make. 


38;  ref 
wind, 


Target  record  of  firing  with  caliber  .45  Gardner  machine  gun,  at  Sandy  Hook,  N.  T.,  Harbor,  from  October  31,  1879,  to  January  29,  1880. 


Bftrometer,  30,347  ;  tbermometer, 
44  ;  rel.  humidity,  76  per  cent. ; 
■wind,  13  miles  an  hour. 

Barometer.  30,256 ;  thermometer, 
4i ;  rel.  hnmidity,  82  per  cent. ; 
wind,  7  miles  an  hour. 


Barometer,  30,225 ;  thermometer, 
38 ;  rel.  humidity,  72  per  cent. ; 
•wind,  3  miles  an  hour. 


Ammunition. 


Oct.  31,  IR79  Bridgeport  brass  shells.  . 

Oct.  31, 1879  Frankford  copper  shells. 

Oct.  31,  1879  Bridgeport  brass  shells  .. 

Oct.  31,  1879  Frankford  copper  shells. 

Oct.  ai,  1879  Bridg.  port brass  shells... 

Oct.  31,  1 879  Bridgeport  brass  shells ... 

Ocf.  31,1879  Bridgeport  brass  shells  .. 

Oct.  31,1879  Frankford  copper  shells 

Jan.  7,1880  Bridgeport  brass  shells. .. 


Jan.  15,  1880 
Jan.  15, 1880 


Jan.  16, 1880 
Jan.  16, 1680 


Jan.  29,  1880 
Jan.  29, 1880 
Jan.  29, 1880 
Jan.  29,  1880 
Jan.  29,  im 
Jan  29,  1880 
Jan.  21, 1880 
Jan.  29. 1880 
Jan.  29.  1880 
Jan.  29,  1880 
Jan.  29,  1880 
Jan.  29, 1880 
Jan.  29,  1880 
Jan.  29, 1880 
Jan.  29,  1880 
Jan.  29, 1880 
Jan.  29.1830 
Jan.  29, 1^80 
Jan.  29,  1880 
Jan.  29, 1680 


Bridgeport  brass  shells. 
Bridgeport  brass  shells . 


Bridgeport  brass  shells . 
Bridgeport  brass  shells 


Bridgeport 
Bridgeport 
Bridgeport 
Hridgepojt 
Bridgeport 
Bridgeport 
Bridgeport 
Bridgeport 
Bridgeport 
Bridgepoit 
Frankford 
Frankford 
Fiankfonl 
Frankford 
Frankford 
Frankford 
Frankfoid 
Frankford 
Frankford 
Fiankford 


brass  shells . . . 
brass  shells... 
brass  shells . . . 
br  ass  shells  .. 
brass  shells  .. 
brass  shells  .. 
b  ass  shells  .. 
biass  shells  . . 
l)ra>s  shells . . . 
brass  shells... 
copper  shells 
copper  shells 
copper  shells 
copper  shells, 
copper  shells. 
cop])er  shells 
copper  shells 
coppei'  shells 
copper  shells, 
opper  shells 


V  17" 
13" 
12i" 


1257  I 
1266 


1270 J 


Wind,  strength,  and  direction. 


By  whom  fired. 


Saunders,  an  expert 

New  hand  

New  hand  

Saunders,  an  expert 

New  hand  

Saunders,  an  expert 


Fired  deliberately  into  sand  butt 
to  tost  mechanism  of  gun. 


•Fired  into  sand  butt  for  rapidity. 


11  by  52  feet,  made  of  1-inch 
spruce  boards.    Total  number 
of  hits  in  target,  491. 
Fired  at  500-yard  target;  sighting 
shots. 

Fired  at  .'iOO-yard  target.  Target 

11  by  52  feet,  made  of  1-inch 

spruce  boards. 
Total  number  of  hits  in  target, 

461.  Direct  hits,  447.  Ricochet 

hits,  14. 

Fired  at  1,000-yard  target;  sight- 
ing shots. 

Fired  at  1,000-yard  target.  Tar- 
get 11  by  52  feet,  made  of  1-inch 
spruce  boards. 

Total  number  of  bits  in  target, 
260.  Birect  hits,  235.  Ricochet 
hits,  25. 


Fired  into  sand  buttf  er  velocities. 


Special  remarks. 


Before  Hriiig,  the  gun  was  taken 
apart  by  an  cxii.  i  l  ;  barrels  be- 
ing taken  ulVancl  insiili'  nie('lian- 
isni  taken  enl,  and  then  pnt  to- 
gether a^ain,  leaiU  loi'  tiling. 
Time  taUin-  M|)arl,'  1'  -J".  I'imo 
l)Utlint;  t(i;;elli.  i .  1  -21  r  ,  ,\ller 
llringihe  -llli  s,  i  i,  ,s  ot.-.di:  1. Minds, 
the  i;iin  was  aiiaiii  lalvn,  aiiart, 
while  Inil.  and  at  In  i  (.i>lin,u  the 
disk  at.  and  l  lie  i  l  ai end  of  barrels, 
was  pill  loi;eiliei  anain.  Time 
takiufiaiiait,  r  II'.  I'littingto- 
getlior,  1'  I  i".  During  the  tiring 
considerable  more  ellbrt  was  re- 
quirtnl  to  work  the  gun  when 
using  the  Frankford  ammuni- 
tion than  when  using  the  Bridge- 
port. Three  men  required  to 
woik  gun— ime  to  tuni  crank 
and  oscillate,  one  to  i)ass  ammu- 
nition, and  the  other  to  feed  it. 
The  gun  was  not  cleaned  during 
tlie  Bring,  and  there  were  no 
halts  or  delays  owing  to  defects 
of  mee.lianisni,  and  no  failures  to 
extract.  'I'lie  lirini;  nf  .'iOO rounds 
for  rajiidiu,  uill.  either  cftrt- 
lidge,  re(inir((l  about  all  the 
effort  one,  man  cuuld  make. 


Face  p.  390,  Ord. 


PLATK  I. 


Appendix  19— 1HH(). 


PLATE  II. 


Appendix  19—1880. 


PLATK  III. 


Appendix  19—1880. 


PLATE  VI. 


APPENDIX  20. 


GALLERY  TARGET  PRACTICE. 

Headquarters  Military  Division  of  the  Pacific, 

Department  of  California, 
Fresidio  of  San  Francisco,  Cal.j  September  29,  1879. 

[CIRCULAR.] 

The  following  is  published  for  the  information  of  all  concerned  : 

Assistant  Adjutant-General,  Military  Division  of  the  Facific : 

Sir  :  The  idea  of  using  round  balls  and  reduced  charges  m  the  serv- 
ice cartridge  shell  was  suggested  to  me  by  a  gentleman  of  San  Francisco. 
Being  satisfied  of  its  merit  after  careful  test,  1  send  you  herewith  for 
trial  a  few  cartridges  loaded  with  7  grains  powder  and  round  balls,  cal- 
iber .44,  weighing  140  grains,  which,  at  the  range  of  40  or  50  feet,  fired 
from  the  Springfield  rifle,  I  have  found  to  yield  astonishingly  accurate 
results. 

They  will  be  found,  I  think,  very  useful  in  lieu  of  indicator  and  candle 
practice,  in  instructing  recruits  ;  and  at  reduced  targets  will  atibrd  the 
trained  marksman  valuable  home  amusement  and  target  practice. 

The  bullets  take  the  grooves  perfectly,  and  at  the  ranges  mentioned 
will  just  about  i)ierce  an  inch  board.  You  can  try  them  with  perfect 
safety  in  your  back  yard.  They  are  made  from  M.  L.  ammunition,  fab- 
ricated in  1863.  Fresher  powder,  no  doubt,  in  charges  of  five  grains, 
would  probably  yield  same  results. 

For  armory  x^ractice  this  has  an  advantage  over  air-guns,  or  other  guns 
of  small  caliber,  because  the  soldier  practices  with  his  own  rifle,  i.  e.,  with 
a  gun  having  the  same  weight,  trigger-pull,  balance,  and  sights,  that  he 
will  be  called  upon  to  fire  in  actual  service. 
Yery  truly,  yours, 

*****  *  * 

The  foregoing  method  solves  practically,  and  satisfactorily  in  many 
respects,  the  question  of  unlimited  target  practice. 

For  this  practice  the  targets  are  to  be  reduced  directly  as  the  ranges. 
For  instance,  if  a  50-foot  range  be  convenient,  and  it  be  desirable  to  ob- 
tain practice  for  200,  100,  and  50  yards  respectively,  the  following  meth- 
od may  be  pursued  :  50  feet  being  one- twelfth  of  200  yards,  a  reduction 
of  target  to  one-twelfth  its  size  represents  a  target  for  200  yards  ;  a  re- 
duction to  one-sixth,  a  target  for  100  yards  ;  and  to  one-third,  a  target 
for  50  yards.  The  diameter  of  the  corresponding  bull's-eyes  (Greedmoor 
third-class  target)  are  two-thirds  of  an  inch,  one  and  one-third  inch,  and 
two  and  two-thirds  inches,  respectively. 

At  posts  where  there  is  no  obsolete  ammunition  of  .44  calibers,  molds 
for  the  spherical  bullet  of  this  size  can  readily  be  obtained  from  the  near- 
est city  by  mail. 

It  is  generally  requisite  to  use  with  the  bullet  a  lubricated  patch  in 
forcing  it  into  the  shell. 
The  shells  will  last  indefinitely  with  this  small  charge. 
By  command  of  Major-General  McDowell : 

J.  G.  KELTON, 
Lieut.  Col. J  A.  A.  G. 
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Ordnance  Office,  War  Department, 

Washington,  March  8,  1880. 
Commanding  Officer,  Frankford  Arsenal  : 

Sir  :  For  ^^allery  practice,  the  use  of  a  very  small  charge  of  powder 
and  a  round  bullet  has  given  satisfaction  on  the  Pacific  coast.  You  will 
please  make  experiments  in  that  direction  and  report  the  results.  If 
successful,  bullet  molds  to  issue  to  troops  may  probably  become  a  ne- 
cessity, that  they  may  be  able  to  use  up  all  their  refuse  lead  and  old  bul- 
lets, &c. 

Very  respectfully,  your  obedient  servant, 

S.  V.  BENI^T, 
Brig.  General,  Chief  of  Ordnance. 


Frankford  Arsenal, 
Philadelphia,  Pa.,  March  IS,  1880. 
The  Chief  of  Ordnance,  Washington,  D.  C.  : 

Sir  :  In  compliance  with  your  instructions  in  letter  of  8th  instant,  I 
have  experimented  with  round  ball  of  varying  slugging  and  small  charges 
of  powder,  and  find  as  follows  :  A  slugging  corresponding  to  a  diameter 
of  0'M5800  as  a  maximum  and  0'^456  as  a  minimum,  is  best.  This  holds 
the  ball  in  position  over  the  powder.  The  best  charges  for  50,  75,  and 
100  feet  are,  respectively,  3,  4,  and  5  grains  standard  powder,  with,  say, 
an  allowance  of  J  grain  for  powder  of  varying  strengths.  Three  samples 
of  loaded  shells,  cut  oft*  to  show  position  of  ball,  are  forwarded,  with  tar- 
gets made  at  the  distances  referred  to — Frankford,  Lowell,  and  Winches- 
ter. Can  purchase  or  make  some  cheap  bullet  molds,  if  you  desire. 
They  will  cost  from  $1  to  $3.50,  according  to  the  number  of  bullets 
they  will  cast  and  the  material  they  are  made  of — malleable  iron,  brass, 
or  steel.  The  accuracy  is  little  affected  whether  the  bullets  are  made  of 
lead  or  lead  and  tin.  The  targets  were  taken  with  Springfield  rifle,  cal- 
iber 0^'.45,  the  100-yard  sight  being  used  in  aiming ;  weight  of  balls 
from  140  to  145  grains. 

Very  respectfully,  your  obedient  servant, 

JAS.  M.  WHITTEMOEE, 
Lieut.  Col.  of  Ordnance,  Commanding. 


Frankford  Arsenal,  Pa.,  March  24,  1880. 
The  Chief  of  Ordnance,  U.  S.  A.,  Washington,  D.  C.  : 

Sir  :  In  compliance  with  your  indorsement  of  March  16,  1880,  Bureau 
No.  866a,  I  have  the  honor  to  submit  such  suggestions  as  experiment 
has  shown  of  practical  value  in  the  use  of  round  balls,  small  charges  of 
powder,  and  reloading  shells  for  gallery  rifle  practice. 

The  balls  should  be  of  sufficient  diameter  to  slug  in  the  rifling  of  the 
bore,  and  fit  closely  over  the  powder  in  the  bottom  of  the  shell.  Any 
motion  of  the  ball  in  the  shell  would  vary  the  position  the  powder  takes 
when  poured  in,  and  gives  uncertain  shooting.  There  is  less  fouling  of 
the  gun  barrel  when  the  balls  are  slightly  lubricated  with  Japan  wax, 
parafiflne,  or  some  lubricant  that  solidifies  in  cooling,  as  distinguished 
from  oils  that  remain  liquid.  Good  results  were  obtained  by  melting 
Japan  wax,  immersing  the  balls  in  it,  and  shaking  off*  the  excess  of  the 
lubricant  in  a  sieve.  In  firing  100  rounds  with  ball  lubricated,  the  weight 
of  fouling  was  50  grains,  without  lubricant  150  grains.    When  no  lubricant 
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is  at  liaiul,  ^vil)illi^•  out  the  boro  after  every  5  or  10  rounds,  aiul  tlieii  run- 
ning' 11  slightly  oiled  ra^-  thr()ii|L»ii  it,  will  answer.  The  tiring  is  more  ac- 
curate when  the  shells  and  guu  are  cleaned  after  every  5  or  10  rounds  j 
the  shells  washed  in  warm  water,  and  the  bore  of  the  gun  wiped  out  by 
pushing  a  wet  rag  through  it,  and  afterwards  an  oiled  one. 

The  endurance  of  the  Frankford,  Lowell,  and  Winchester  shells  is  from 
200  to  300  rounds  tired  with  round  balls  and  small  charges.  They  give 
out  by  the  bottom  of  the  pockets  getting  knocked  in  by  repeated  blows 
of  tiring-pin,  which  causes  the  primers  to  miss  tire.  When  short  of  shells, 
the  expedient  could  be  resorted  to  of  putting  a  thin  disk  of  metal  in  the 
bottom  of  the  pocket,  with  a  vent-hole  in  the  middle,  until  the  bottom 
of  the  pocket  is  entirely  knocked  through. 

Charges  of  3,  4,  and  5  grains  of  Oriental  standard  musket  powder  gave 
good  accuracy  at  50,  75,  and  100  feet,  respectively,  tiring  from  a  shoulder 
and  muzzle  rest.  A  wooden  drift,  with  shoulder  to  prevent  the  ball  from 
being  driven  in  too  tightly,  is  convenient.  When  any  shell  becomes  ex- 
panded so  as  to  tit  chamber  of  gun  tightly,  it  can  be  resized  in  the  re- 
sizing die  accompanying  the  reloading  tools.    This  will  not  often  happen. 

Bullet  molds  made  with  a  little  care,  and  warmed  up  by  pouring  a 
ladle  full  of  melted  lead  in  and  over  the  mold  before  casting  the  balls, 
will  insure  them  of  sufficiently  uniform  size  to  do  good  shooting. 

The  penetration  of  round  ball  with  5  grains  powder  at  50  feet  is  about 
1  inch  in  white  pine,  and  slightly  more  in  hemlock.  A  board  from  2  to 
4  inches  thick  is  soon  cut  through  by  the  balls.  A  box  or  barrel  filled 
with  dirt  and  placed  in  rear  of  target  will  catch  the  spent  lead  and  pre- 
vent injury  to  the  gallery.  A  butt  made  larger  and  tilled  with  earth  or 
sand  will  afford  a  better  protection.  If  the  balls  are  fired  into  and 
lodged  in  thick  wood,  difficulty  will  be  experienced  in  digging  them  out. 
An  iron  screen  would  cause  the  balls  to  splash  and  rebound  about  the  tar- 
get, hence  earth  would  seem  to  be  best  to  fire  into. 

The  above  gives  some  idea  as  to  what  should  be  done  to  prevent  the 
gallery  from  being  defaced  and  persons  being  injured  standing  near  the 
target  for  scoring  shots. 

A  pound  of  powder  furnishes  1,400  5- grain  charges,  a  pound  of  lead  50 
balls.  The  lead  can  be  recast  as  long  as  it  lasts,  taking  care  that  it  is 
not  burned  in  remelting.  Fifty  shells  will  answer  for  10,000  rounds  at 
200  rounds  each,  requiring  10,000  primers  for  reloading.  With  50  men 
to  a  company,  10,000  primers,  50  shells,  40  pounds  of  lead,  and  7  pounds 
of  powder  will  give  200  rounds  per  man,  assuming  that  the  balls  can  be 
remelted  and  recast  4  times  before  the  lead  is  entirely  consumed.  Fric- 
tion in  shooting  wears  away  the  lead. 

As  the  lead  and  tin  of  rifle  bullets  answers  equally  well  with  lead  alone, 
rifle  bullets  recovered  can  be  recast  into  round  balls.  The  penetration 
of  the  rifle  bullet  into  sand  and  earth  is  as  follows  :  Into  compressed 
loam,  9  to  16  inches  ;  into  loose  sand,  5  to  9  inches  j  box  2  feet  square, 
white  pine  f  inch  thick,  filled  with  loose  earth,  penetration  18  to  24  inches ; 
box  filled  with  sand,  penetration  9  to  18  inches ;  range  50  yards  ;  which 
indicates  how  the  butt  should  be  made  to  catch  the  spent  bullets  in  rifle 
practice. 

Appurtenances  required  for  melting  lead,  recasting  bullets,  reloading, 
&c.   These  prices  are  apjDroximate  : 


7-inch  meltiDg  ladle  ,  $0  75 

2-iiich  pouring  ladle   25 

Bullet  molds  to  cast  4  bullets   3  00 

Brass  charger,  adjustable  to  3,  4,  and  5  grains,  by  the  hundred   15 


4  15 
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Targets  like  inclosed  sample  can  be  printed  cUeaplj^  here,  and  issued, 
if  tliought  necessary. 

This  is  for  75  feet,  and  might  answer  as  a  mean  for  the  three  distances, 
50,  75,  and  100  feet.  The  wooden  drift  for  punching  cartridges  from  re- 
loading die  and  mallet  for  driving  bullets  home  into  shells,  accompany- 
ing reloading  tools,  will  answer  for  setting  the  bullets  down  over  the 
powder  in  the  shells. 

My  experiments,  made  here  in  1879,  indicated  that  with  10-grain 
charges  and  longer  ranges  than  100  feet  the  pistol  bullet  with  flat  base 
gave  more  accurate  shooting  than  round  ball  of  equal  diameter  with  equal 
charge.  As  the  round  ball  is  lighter  than  the  pistol  bullet  of  equal 
diameter  its  initial  velocity  is  greater  with  equal  charges,  and  for  dis- 
tances not  exceeding  100  feet  the  loss  of  velocity  in  reaching  the  target 
is  so  small  that  with  the  slugging  of  the  ball  in  the  rifling  of  the  bore  it 
shoots  very  accurately.  With  an  increase  of  range  this  accuracy  would 
fall  off,  and  the  heavier  conical  bullet  with  larger  charge  would  be  re- 
quired for  good  practice. 

For  the  information  of  those  interested  in  out-door  shooting  it  may  be 
well  to  state  that  with  10  grains  of  powder  and  wad  on  top  to  keep  the 
charge  from  rolling  into  cavity  of  pistol  bullet,  excellent  shooting  can  be 
had  at  from  200  to  300  feet  with  that  bullet  either  in  rifle  or  carbine. 
Very  resjiectfullv,  your  obedient  servant, 

JAS.  M.  WHITTEMOEE, 
Lieut.  Col.  of  Ordnance^  Commanding. 

Headquarters  Military  Division  of  the  Pacific, 

Department  of  California, 
Presidio  of  San  Francisco,  April  8,  1880. 

EespectfuUy  returned  to  the  Chief  of  Ordnance,  U.  S.  A. 

It  is  observed  the  conclusions  arrived  at  by  Lieutenant-Colonel  Whitte- 
more  in  respect  to  the  method  of  practicing  with  reduced  charges  and  round 
balls  are  quite  in  accord  with  those  developed  here.  I  am  sure,  however, 
that  powder  issued  to  companies  will  not  in  3, 4,  and  5  grain  powder  charges 
give  the  results  Colonel  Whittemore  obtained  from  these  quantities  of  Ori- 
ental standard.  I  suggest,  therefore,  the  graduated  powder  charges  be 
prepared  to  measure  1  and  10  grains,  and  that  the  charges  be  limited  to 
those  quantities  for  the  ranges  of  50  and  70  feet,  respectively,  as  those 
are  the  fine-sight,  ^'  point-blank  "  distances  for  7  to  10-grain  charges  of 
the  ordinary  government  powder,  and  70  feet  is  the  limit  at  which  the 
average  eye  can  see  clearly  the  shot-mark. 

This  is  important,  for  with  the  reduced  target  the  firer  should  know 
exactly  where  his  shot  strikes.  Then,  too,  this  is  about  the  extreme 
range  at  which  a  man  can  conveniently  act  as  his  own  marker.  I  think 
the  butts  should  be  faced  with  iron  or  lead,  as  may  be  found  expedient. 
The  slab  of  lead  can  be  run  from  spherical  projectiles,  caliber  .45,  which 
have  been  fired.  The  iron  target,  when  no  thin  boiler  plate  can  be  ob- 
tained, maybe  improvised  readily  out  of  material  at  every  post.  Whether 
iron  or  lead  targets  are  used,  paper  targets  become  unnecessary. 

I  suggest  sufficient  lead  and  primers  be  allowed  to  give  each  man  300 
rounds  per  year.  With  the  ordnance  powder  issued  to  companies  this 
year  the  penetration  of  red  wood,  a  very  soft  fir,  with  7  grains  is  not 
quite  f  of  an  inch  ;  10  grains  gives  a  penetration  of  If  inch.  Lubricat- 
ing the  ball  is  very  important.  By  the  Boutelle  method  the  tallow 
fastens  the  ball  in  the  shell  without  coming  in  contact  with  the  powder, 
to  its  injurv.    This  lubricant  is,  moreover,  most  easily  obtained. 

J.  C.  KBLTOIs^ 
Lieut.  Col.  and  A.  A.  0. 
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Frankford  Arsenal  Pa.,  April  21,  1880. 
Bespectfully  returned  to  tlie  Chief  of  Ordnance,  U.  S.  A. 
I  can  make  a  small  cliarj^er  to  gauge  7  and  10  grains  as  economically 
as  one  to  measure  3  and  5  grains.  Assuming  50  men  to  a  company  and 
300  rounds  per  man,  75  shells,  GO  pounds  lead,  and  14  pounds  powder 
would  be  required,  according  to  my  estimate,  for  200  rounds  per  man. 
To  insure  a  sufficient  supply  it  might  be  well  to  issue  100  shells,  100  pounds 
lead,  and  25  pounds  powder  to  each  comi)any  of  50  men. 

JAS.  M.  WIHTTEMOEE, 
Lieut.  Col.  of  Ordnance,  Commanding. 

Ordnance  Office  April  22,  1880. 

Eespectfully  returned  to  commanding  officer  Frankford  Arsenal. 

I  see  no  use  of  issuing  shells  specially.  Can't  the  ordinary  shell  of  the 
service  cartridge  be  used  with  round  bullet  ?  If  it  cannot,  then  one- 
half  the  merit  of  the  idea  is  lost  and  we  must  look  for  something  better. 
Please  be  more  explicit. 

S.  Y.  BEN^T, 
Brig.  Gen.,  Chief  of  Ordnance. 

Frankford  Arsenal,  Pa.,  April  23,  1880. 
Respectfully  returned  to  the  Chief  of  Ordnance,  U.  S.  A. 
Any  of  the  reloading  shells  will  answer,  "  Frankford,"  "  Winchester," 
Lowell,"  or  ^'  Berdan."   The  latter,  with  its  folded  head  and  cup  inside 
the  shell,  is  not  so  well  adapted  for  the  purpose  as  the  first  three.  The 
number  enumerated  was  to  give  you  an  idea  as  to  w^hat  would  be  re- 
quired in  providing  for  gallery  x^ractice.    I  assume  that  by  "service" 
you  mean  any  of  tlie  reloading  shells  used  in  the  service,  as  it  would  cost 
from  200  to  300  times  as  much  to  use  the  service  cup  and  shell,  to  be 
thrown  away  after  firing  one  round. 

JAS.  M.  WHITTEMOEE, 
Lieut.  Col.  of  Ordnance  J  Commanding, 


Headquarters  Military  Division  of  the  Pacific, 

Department  of  California, 
Presidio  of  San  Francisco,  Col.,  March  8,  1880. 
To  the  Chief  of  Ordnance,  U.  S.  A.,  Washington,  D.  C. 

Sir  :  I  have  the  honor  to  state,  in  reply  to  your  communication  of 
February  11,  1880,  that  reports  were  called  for  from  all  companies  in 
the  Department  of  California  as  to  the  advantages  gained  in  marksman- 
ship by  the  use  of  round  balls  fired  with  reduced  charges  at  short  range. 
I  have  received  replies,  and  regret  to  say  but  two  companies  in  the 
department  have  attempted  any  practice  with  reduced  charges  and  round 
balls.  Some  company  commanders  claim  "  that  not  having  any  obsolete 
bullets  caliber  .44,"  others  because  "  their  requisitions  for  bullet  molds 
were  not  filled  "  they  did  not  have  the  means  of  practicing.  Most  (com- 
pany commanders  have  not  given  any  reason  for  not  trying  this  method 
of  target  practice.  I  can  therefore  only  give  the  result  of  the  practice 
of  the  two  companies  referred  to  and  the  experience  of  myself  and  two 
other  officers  at  this  station. 

The  bullets  used  by  these  companies  and  by  the  officers  referred  to 
"were  purchased  in  the  market,  were  dropped  bullets  and  therefoi  e  not 
perfect  spheres.    But,  nevertheless,  the  practice  at  short  range  does  not 
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appear  to  liave  suffered  from  that  cause.  With  7  grains  of  ordnance 
powder,  1878,  covered  with  a  lubricated  wad  and  the  dropped  ball  also 
covered  with  a  wad,  at  50  feet,  the  "point  blank"  of  that  charge,  firing 
at  a  target  the  bull's  eye  and  circle  of  which  were  of  the  Creedmoor 
200-yard  target,  individual  practice  of  some  excellent  shots  was  not  at 
first  so  good  as  with  full  charges  at  200  yards  range.  This  was  doubt- 
less due  to  the  fact  that  the  rifle  with  the  7-grain  charge  was  not  held 
steadily  on  the  object  after  firing,  for  with  this  small  charge  the  ball 
travels  with  so  slow  velocity  it  is  an  appreciable  time  in  passing  through 
the  barrel,  during  which,  without  great  steadiness,  sufficient  motion  is 
apt  to  be  given  to  the  barrel  to  divert  it.  But  it  is  that  very  fact,  that 
the  rifle  must  be  kept  on  the  object  after  firing,  which  renders  this  kind 
of  practice  so  valuable.  The  firer  soon  discovers  this,  and  then  his 
practice  at  once  improves.  The  habit  he  acquires  in  this  respect  in  short- 
range  aiming  he  carries  into  long-range  practice  with  results  as  gratify- 
ing as  they  are  astonishing. 

With  7  grains  of  powder  the  report  of  the  rifle  is  not  so  loud  as  the 
report  of  a  percussion  cap,  the  powder  is  nearly  all  consumed  or  con- 
densed in  the  barrel  and  consequently  there  is  little  smoke  ;  the  practice 
can  therefore  be  carried  on  anywhere,  even  in  the  squad-room.  The  re- 
duced charge  fouls  the  rifle  much  more  than  the  full  charge.  With 
the  7-grain  charge  the  ball  is  just  buried  in  the  soft  pine.  One  great 
source  of  interest  in  this  practice  is  that  the  firer  sees  instantly  the  point 
of  impact  of  his  ball,  even  while  holding  his  rifle  on  the  object,  and  can 
therefore  readily  see  his  error  and  remedy  it.  This  and  the  absence  of 
recoil  causes  improvement  in  the  firing  of  beginners  to  commence  at  once. 
At  70  feet,  with  a  target  ^.5  of  the  Creedmoor  200-yard  target,  the 
"  point-blank  "  charge  is  10  grains.  Practice  with  this  charge  is  alto- 
gether the  most  interesting,  though  not  so  instructive  as  at  the  shorter 
range  with  the  smaller  charge.  The  impact  of  the  bullet  can  still  be 
seen,  while  the  increased  charge  gives  a  velocity  to  the  ball  which  car- 
ries it  clear  of  the  rifle  too  quickly  to  be  diverted  by  any  motion  com- 
municated to  the  rifle  after  the  cartridge  is  fired. 

What  has  been  done  in  other  departments  in  this  practice  is  not  known. 
Since  orders  now  confine  target-practice  information  to  department  head- 
quarters, the  division  headquarters  has  no  knowledge  of  what  is  being 
effected  in  this  matter  in  the  Departments  of  the  Columbia  and  Arizona. 
The  battery  of  light  artillery  at  this  post  is  armed  with  carbines,  but  has 
never  had  any  practice  till  within  a  few  weeks.  They  now  practice  un- 
der the  instructions  of  Lieutenant  Anderson,  F,  Artillery,  a  Creedmoor 
shot  and  one  of  the  best  riflemen  in  the  army.  The  battery  commenced 
firing  at  100  yards  with  full  charges.  Finding  the  firing  wild  and  no 
improvement  after  some  days,  the  men  were  given  round-ball  cartridges 
with  reduced  charges.  After  some  days  of  this  practice  they  resumed  the 
full  charge,  firing  at  100  yards.  Those  who  at  first  had  only  been  able 
to  score  8  and  12  per  cent,  had  improved  their  score  to  60  per  cent. 

It  is  hoped  you  will  be  so  convinced  of  the  usefulness  of  this  small- 
charge  practice  that  you  will  approve  a  limited  issue  of  round  balls, 
caliber  .44,  better  .45,  with  or  without  lubricated  wads,  or  the  issue  of 
bullets  molded,  caliber  .45,  to  each  five  men  of  the  companies  serving  in 
this  division. 

All  company  commanders  will  then,  or  can  be  compelled  to,  try  re- 
duced-cartridge practice,  certainly  to  the  great  improvement  in  their 
long  range  practice.  I  inclose  you  the  reports  of  the  company  command- 
ers referred  to  in  the  foregoing  part  of  this  communication. 

The  accompanying  interesting  report  was  received  this  morning  from 
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Liciit.  F.  A.  lioiiU'lle,  First  Ciiviilry,  a  "  Oreediiioor  man/'  now  stationed 
at  Camp  Howard,  Idalio  Territory. 

Very  respectfully,  your  obedient  servant, 

J.  0.  KELTON, 
Lieut.  Col.  and  A.  A.  G. 

Frankford  Arsenal,  March  25,  1880. 

Respectfully  returned  to  the  Chief  of  Ordnance. 

Tar^^ets  can  be  printed  proportioned  as  Colonel  Kelton  specified,  if 
desired,  instead  of  a  75  foot  range  target  taken  as  a  mean,  as  I  have 
suggested.  Lieutenant  Boutelle's  target  of  wood,  2  inches  thick,  2 
feet  square,  and  faced  with  3-16  lb.  boiler  iron,  is  a  good  one  when  the 
materials  are  at  hand.  An  ammunition  box  filled  with  sand  and  proper 
targets  pasted  on  would  also  answer.  Lubricating  the  ball  in  the  shell 
by  letting  melted  tallow  drop  npon  its  exposed  surface  is  a  happy 
thought,  but  may  consume  more  lubricant  than  is  necessary.  With 
the  balls  fitting  the  shells  snugly,  as  they  will,  cast  in  the  molds  to 
be  furnished,  no  wads  are  necessary.  They  can  be  improvised  when 
required  with  loose  balls.  In  my  report  I  did  not  describe  any  particular 
kind  of  butt  or  target,  as  the  means  at  hand  will  determine  those  points. 

JAS.  M.  WHITTEMORE, 
Lieut.  Col.  of  Ordnance^  Commanding. 

P.  S.  General  Ferine  informs  me  that  a  slab  of  lead  one  foot  square 
and  one  inch  thick  has  given  better  satisfaction  for  stopping  the  balls 
and  saving  the  lead  than  any  other  method.  At  many  posts  the  lead 
can  be  obtained  and  cast  into  a  slab. 

J.  M.  W. 


Presidio  of  San  Francisco,  March  5,  1880. 
To  the  Asst.  Adjt.  Genl.,  M.  D.  P.  and  D.  C, 

Presidio  of  San  Francisco^  Cal.  : 

Sir  :  In  reply  to  your  communication  of  the  3d  instant,  I  have  the  honor 
to  report  that,  in  my  opinion,  by  the  use  of  the  round  ball  with  reduced 
charges  in  the  service  rifle  the  recruit  may  more  readily  than  otherwise 
be  taught  to  hold  his  gun  with  steadiness,  pull  trigger  without  deranging 
his  aim,  and  overcome  a  very  natural  tendency  to  shut  his  eyes  and  shrink 
from  the  recoil  of  his  piece  at  the  moment  of  its  discharge,  while  the 
trained  soldier  may  thereby  conveniently  and  economically  preserve  and 
improve  that  accord  between  the  brain  and  the  muscles  without  which 
the  best  marksmanship  is  impossible. 

After  the  introduction  of  this  method  of  instruction,  men  of  my  com- 
pany were  improved  who  had  for  many  months,  under  careful  coaching, 
failed  to  make  respectable  scores.  In  this  connection  I  would  respect- 
fully refer  the  division  commander  to  later  target  records  of  my  com- 
pany. In  preparing  reduced  cartridges,  to  secure  the  best  results  care  is 
necessary,  not  only  in  proportioning  the  charge  to  the  powder  and  range  * 
used,  but  in  loading  the  same.  The  bullets  should  be  true,  and  on  this 
account  the  molded  are  better  than  the  dropped ;  they  should  fit  snugly 
at  the  bottom  of  the  service  shell,  otherwise  a  lubricated  patch  should 
always  be  employed.  With  very  small  charges  it  is  well  to  have  a  stiff 
wad  between  the  powder  and  bullet.  When  the  bullet  is  well  home  the 
miss-fires  are  fewer  and  the  shooting  is  more  accurate  than  when  there 
is  an  air-space  between  the  powder  and  the  bullet. 
Very  respectfully, 

FRAJSK  G.  SMITH, 
Capt.j  First  Artillery ^  Commanding  Co.  H, 
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Headquarters  Military  Division  of  the  Pacific, 

Department  of  California, 
Presulio  of  San  Francisco^  Cal,  March  8,  1880. 
Capt.  Frank  G.  Smith, 

Commanding  Co.  R,  Fourth  Artillery, 

Presidio  of  San  Francisco,  Cal. : 
Sir  :  In  your  report  upon  round-ball  firing-  with  reduced  charges,  yoii 
invite  attention  to  the  improvement  effected  in  your  company  by  this 
kind  of  practice.  I  find  your  company's  percentage  in  July  an(l  August 
last  to  be  62,  but  am  at  a  loss  to  determine  what  it  is  by  your  last  return. 
Please  state  what  is  the  relative  improvement. 
Yery  respectfully,  vour  obedient  servant, 

J.  0.  KELTOK, 
Lieut.  Col.,  A.  A.  General, 

Presidio  of  San  Francisco,  March  10,  1880. 
EespectfuUy  returned. 

Where  many  measures  are  simultaneously  in  operation  to  improve  the 
shooting  of  a  company  it  is  difficult  to  determine  the  amount  of  improve- 
ment due  to  each ;  but  after  having  placed  cartridges  with  reduced  charges 
in  the  hands  of  my  best  shots,  I  was  satisfied  that  good  shooting  might 
be  done  with  them.  Afterward  the  shooting  of  the  worst  shots  was  much 
improved  thereby.  Although  i^ractice  with  reduced  charges  has  not  been 
pursued  as  systematically  as  I  could  wish,  1  am  satisfied  that  this  method 
deserves  all  the  attention  it  could  receive.  I  attribute  the  high  percent- 
age of  possible  scores  attained  by  my  company  in  November  and  Decem  - 
ber,  1879,  at  100  yards,  largely  to  this ;  also,  the  marked  improvement 
observed  among  my  worst  shots.  Pat.  Woods,  who  during  the  past  year 
or  eighteen  months  has  almost  invariably  been  reported  as  my  worst 
shot,  during  the  month  of  February  scored  76  per  cent,  at  100  vards. 

FRANK  G.  SMITH, 
Capt.,  Fourth  Artillery,  Commanding  Co.  H, 


Camp  Howard,  Idaho,  February  11,  1880. 
The  Chief  of  Ordnance,  Washington,  D.  C.  : 

Sir  :  Acting  upon  a  suggestion  made  in  a  circular  from  Headquarters 
Military  Division  of  the  Pacific,  I  have  been  practicing  in  doors  with 
the  Springfield  rifle  with  round  bullets  and  reduced  charge  of  powder 
with  so  good  results  that  I  have  thought  the  subject  worthy  of  a  special 
report,  and  with  it  the  suggestion  that,  as  the  material  costs  very  little, 
the  furnishing  the  army  with  a  supply  of  round  bullets.  The  first 
targets  used  were  wooden,  but  the  light  charge  used  was  not  strong 
enough  to  penetrate  the  wood,  and  the  bullets  rebounded  very  un- 
pleasantly. Finding  a  piece  of  3-16  boiler  iron  at  the  post,  I  had  con- 
structed a  wood  target  (butt)  2  feet  square  and  2  inches  thick,  faced  with 
the  iron.  On  this  the  bullets  flattened  and  fell  to  the  ground  without 
any  rebound  or  splash.  The  target  is  painted  white,  and  the  true  dimen- 
sions of  the  target  scratched  thereon  with  a  pair  of  carpenter's  dividers. 
For  the  bull's  eye  the  paint  is  scraped  off.  In  practice  the  shot  marks 
are  painted  out.  I  have  used  6  grains  Hazard's  electric  powder  and 
round  bullets  purchased  at  a  neighboring  village.  When  I  first  com- 
menced practice  the  target  seemed  very  small,  and  I  was  unable  to  make 
good  scores,  but  after  five  or  six  days'  shooting  I  made  the  target  inclosed. 
I  have  experimented  with  the  bullets  both  patched  and  lubricated,  and 
find  better  results  with  the  latter.    I  seat  the  bullet  on  the  powder  with 
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a  wooden  rainnier,  and  lubricate  with  tallow  melted  and  droi)j)ed  from 
an  oil-can  on  the  face  of  the  bullet  in  the  shell ;  the  tallow  runs  from  the 
face  around  the  sides  of  the  shell  and  cools  almost  immediately.  It  is 
believed  to  be  well  known  and  fully  appreciated  that  range  [)ractice, 
when  the  weather  is  unfavorable,  is  of  little  benefit,  and  might  quite  as 
well  bo  omitted.  With  the  round  bullets  practice  can  be  constant,  as 
almost  all  company  barracks  have  a  sufficieut  dimension.  They  would 
also  be  particularly  advantageous  in  instructing  recruits  in  quarters, 
where  the  groundwork  for  a  good  marksman  is  laid. 

If  the  round  bullets  cannot  well  be  furnished,  it  is  recommended  that 
each  company  be  supplied  with  a  mold  in  which  more  than  one  bullet 
can  be  molded  at  a  time ;  also  a  large  supply  of  ])rimers.  In  the  com- 
pany to  which  I  am  attached  (D,  First  Cavalry,  Captain  Forse)  round 
bullets  are  molded,  but  the  mold  only  casts  one,  and  the  operation  of 
making  bullets  in  that  way  is  very  slow.  The  round  bullet  is  only  rec- 
ommended to  be  furnished  in  place  of  the  conical  for  in-door  practice, 
on  account  of  its  lesser  cost  and  the  necessity  for  adaptability  of  light 
targets. 

Very  respectfully,  your  obedient  servant, 

F.  A.  BOUTELLE, 
First  Lieut,  First  Cavalry,  Commanding  Post. 


Fort  Point,  Cal.,  March  4,  1880. 
The  Adjutant  General,  Military  Division  of  the  Pacific, 

and  Department  of  California  : 
Sir  :  In  reply  to  your  letter  respecting  rifle-practice  firing  with  reduced 
charges  of  powder,  I  have  the  honor  to  state  that  for  the  first  two 
months  my  company  (K,  Fourth  Artillery),  in  addition  to  the  ordinary 
practice,  has  used  a  reduced  target  with  round  ball  and  seven  grains 
of  powder.  This  charge  gives  satisfactory  results  for  fifty-feet  range. 
The  practice  has  been  voluntary.  I  find  the  men  take  a  great  interest  in 
it.  If  a  small  allowance  of  powder  and  bullets  were  issued  specially  for 
this  practice,  as  much  benefit  would  be  obtained  as  from  an  ordinary 
shooting-gallery. 

Yery  respectfully,  your  obedient  servant, 

JOHN  EAGAK, 
Capt.  Uh  Arfy,  Com^d'g  Co,  K,  m  Arthj. 


Ordnance  Office,  War  Department, 

Washington,  July  13,  1880. 

The  CoMMANDiNa  Officer, 

Frankford  Arsenal : 

Sir  :  You  will  please  manufacture  for  gallery  practice  the  following 
articles,  viz :  500,000  lubricated  round  balls,  cal.  .45  200  adjustable 
brass  chargers  for  7  and  10  grains  powder.  Also  purchase  for  same 
purpose:  100  7-inch  iron  ladles  for  melting  lead  ;  100  2-inch  iron  ladles 
for  pouring  lead ;  100  25-pound  cans,  such  as  are  used  by  powder 
manufacturers;  100  tin  strainers.  The  strainers  are  for  dipping  out 
balls  from  melted  lubricant.  Their  size  and  shape  should  be  such  as  to 
hold  from  10  to  20  balls,  with  handle  to  shake  off  surx^lus  lubricant. 

When  the  above  stores  are  ready,  report ;  also  the  method  adopted 
for  making  the  balls  by  the  quantity. 

Respectfully,  your  obedient  servant, 

S.  Y.  BENl^^T, 
Prhf,  Gen.,  Chief  of  Ordnance. 
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[First  indorsement.] 

Frankford  Arsenal,  Pa., 

iSeptemher  29thj  1880. 

Kespectfnlly  returned  to  the  Chief  of  Orduance,  U.  S.  A. 

There  have  been  manufactured  at  this  arsenal  in  accordance  with  the 
Avithiu  instructions  500,000  lubricated  round  balls,  cal.  .45,  packed  in 
boxes  of  2,000  each,  at  a  cost  of  $1.71  per  thousand.  Two  hundred  brass 
chargers,  graduated  7  to  10  grains,  as  devised  by  Oa])tain  Metcalfe,  at 
a  cost  of  19  cents  each.  There  have  been  purchased  100  7-inch  wrought- 
iron  ladles,  at  05  cents  each  ;  100  2 J -inch  wrought-iron4adles,  at  17  cents 
each ;  100  25  pound  tin  powder-cans,  at  30  cents  each.  The  ladles  were 
obtained  by  contract,  and  5  cents  should  be  added  to  the  cost  of  each, 
that  being  the  cost  of  advertising  for,  and  preijaring  the  contract,  and 
other  clerical  work  connected  therewith.  Two  and  one-half  inch  ladles 
were  procured  instead  of  2-inch,  the  latter  not  being  a  trade  manufac- 
ture, and  the  former  not  too  large  for  the  purpose  for  which  it  is  intended. 

The  stores  are  ready  for  shipment  and  await  the  orders  of  the  Chief 
of  Ordnance.  The  operations  for  the  manufacture  of  round  balls,  cal. 
.45,  are  as  follows :  Casting,  tumbling,  lubricating,  packing. 

Casting. — For  this  purpose  a  mold  is  employed  capable  of  casting  20 
balls  at  once.  One-half  the  mold  is  brought  up  to  and  moved  away  from 
the  other  half,  keeping  i)arallel  to  it,  by  a  screw  passing  through  the 
side  of  the  frame  containing  the  whole  apparatus.  This  arrangement  is 
necessarj^  on  account  of  the  tendency  to  spring  open  in  the  middle  which 
w^ould  result  from  the  use  of  an  ordinary  pivoted  mold.  In  other  par- 
ticulars, except  in  size,  this  mold  resembles  those  ordinarily  used  for 
this  purpose.  It  requires  the  same  precautions  against  running  the 
metal  either  too  hot  or  too  cold,  precautions  which  can  only  well  be 
learned  by  experience. 

The  service  alloy  of  16  lead  1  tin  is  employed.  It  is  ladled  frequently 
from  one  pot  to  another  and  carefully  stirred  and  skimmed  to  keep  it 
homogeneous. 

A  short,  square  hook  to  pull  out  the  sprue-head  from  the  shears,  a 
bronze  hammer  to  drive  the  shear  in  cutting  oft',  and  a  wooden  mallet 
with  which  to  rap  the  balls  from  the  open  mold  are  required.  The  mold  is 
fastened  to  a  stout  table,  through  which  the  balls  fall  when  released 
into  an  open  box.    Their  i"all  is  broken  by  a  leather  apron. 

The  product  of  the  mold  is  frequently  gauged  by  trying  the  balls  in 
maximum  and  minimum  holes,  respectively  0.459  and  0.454  in  diameter, 
to  guard  against  wear.  A  man  can  cast  in  a  day  of  ten  hours  about 
10,000  bullets,  besides  keeping  up  his  fires  and  pots,  &c. 

Tumbling. — In  order  to  remove  the  sprue-head,  unavoidably  left  by  the 
casting,  the  balls  are  tumbled.  This  operation  consists  in  i>lacing  about 
5,000  balls  with  about  a  bucket  of  water  in  a  cylinder  inclined  at  45^ 
and  making  about  40  revolutions  per  minute.  They  are  left  there  for 
half  an  hour  and  then  removed  and  dried,  preferably  in  the  sun.  The 
water  is  required  to  break  the  force  with  which  the  bullets  strike  each 
other  in  rolling.  Without  it,  the  effect  of  the  tumbling  is  to  perceptibly 
increase  their  size  owing  to  the  numerous  small  dents  raised  on  their 
surfaces.    One  man  can  tumble  about  100,000  balls  per  day  of  10  hours. 

Lubricating. — When  dry  the  bullets  are  lubricated.  About  10  or  12 
pounds  of  bullets  at  a  time  are  placed  in  a  wire  basket  and  dipped  for 
a  moment  into  a  vessel  containing  melted  Japan  wax,  at  about  160^  to 
170O  Fahr.  They  are  then  poured  out  upon  a  board  about  5  feet  long, 
the  upper  end  raised  about  2  feet  and  the  lower  end  leading  into  a  bucket 
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of  cold  wiitor  into  wliich  tho  bullets  roll.  Tiio  hoard  has  stri|)s  on  its 
sides,  forming-  a  shallow  rc(;ta.uj»ula,r  gutter.  Tho  halls  are  i)oured  from 
the  strainer  upon  a  pieee  of  eoarse  wire  fiettin^,  i-inch  mesh,  through 
whieh  the  suri)lus  wax  falls  into  a  box.  The  balls  are  i)refei  ably  jmured 
up  the  board,  as  in  so  doinj»'  they  start  (h)\vn  together  and  the  wax  is 
more  uniforndy  distributed.  The  balls  should  not  be  dii)j)ed  too  long 
in  the  melted  wax  or  they  will  scatter  it  all  off  in  their  descent;  nor 
should  the  descent  be  too  short,  or  the  wax  will  be  lumi)y  or  too  thick. 
A  little  care  and  exi)erience  regulate  these  j)oints,  the  object  being  to 
get  a  tough,  thin,  and  even  coating  of  the  wax.  The  bucket  is  emptied 
from  time  to  time  and  the  balls  sjjread  in  trays  with  wire  bottoms  for 
drying.  The  floating  wax  is  removed  and  dried  for  remelting,  and  the 
gutter  occasionally  scrai)ed.  A  man  can  lubricate,  working  continuously, 
in  a  day  of  ten  hours,  1()(),000  balls. 

Packing. — The  packing-box  is  made  of  |  stuff*,  like  the  service  cartfidge- 
box.  It  is  made  of  the  following  dimensions  inside,  12'M)4:  x  9^^25  x  2''.5 
deep,  and  is  designed  to  hold  2,000  balls,  these  being  packed  in  fi  ve  lay- 
ers of  20  X  20  balls  each.  The  manner  of  packing  gave  some  trouble 
till  the  following  ingenious  i)lan  was  determined.  It  was  found  that  the 
bullets  when  thrown  in  loosely,  as  by  weight,  would  not  assume  their 
smallest  compass  until  after  protracted  shaking,  as  in  severe  wagon 
transportation.  This  would  leave  a  vacant  space,  causing  further  rat- 
tling and  wearing  and  melting  of  the  lubricant  from  the  heat  so  engen- 
dered. Even  when  placed  in  layers  separated  by  flat  sheets  of  straw- 
board,  owing  to  the  natural  tendency  of  round  balls  to  lorm  in  rings 
until  settled  by  shaking,  the  box  could  never  be  packed  full,  and  as  in 
the  former  case  these  rings  would  coalesce,  leaving  vacant  spaces  into 
which  the  weight  above  would  press,  bending  up  the  strawboard  and 
destroying  the  whole  arrangement. 

The  plan  now  followed  was  then  devised  by  CaiJtain  Metcalfe,  who  has 
had  sole  charge  of  the  manufacture  of  the  balls,  their  lubricating  and 
packing.  It  consists  of  placing  the  balls  in  layers  between  sheets  of 
corrugated  strawboard.  The  corrugations  being  such  as  would  just  re- 
ceive the  balls  in  separate  rows,  and  so  forming  gutters  which  could  be 
easily  filled  by  slightly  elevating  one  side  of  the  box  containing  them 
and  pouring  in  the  balls  loosely  by  hand  upwards^  as  in  lubricating. 
Each  row  could  thus  be  absolutely  counted  and  filled,  and  so  each  layer, 
and  so  the  box,  after  which  motion  of  the  contents  became  impossible. 
The  top  layer  being  covered  with  a  layer  of  strawboard,  this  was  covered 
with  a  wisp  of  tow  on  which  the  lid  was  drawn  tightly  by  the  screws^ 
Prolonged  trial  of  this  arrangement  on  the  jiggler  specially  contrived  to 
resemble  {prolonged  transi)ortation  of  the  roughest  kind  failed  to  disturb 
it  in  the  least. 

The  packing  was  easily  made  by  running  strips  of  No.  60  strawboard 
9^^25  wide  through  wooden  rolls  2'^34  in  diameter,  W.o  long  and  cut 
with  15  longitudinal  grooves  0^^36  deep  and  meeting  at  an  angle  of  60^. 
The  rolls  were  made  of  hickory,  which  lasted  very  well.  The  rolls  were 
mounted  on  an  ordinary  engine  lathe  running  at  860  revolutions  per 
minute.  The  upper  roll  was  driven  by  the  lathe  directly  and  meshed 
into  the  lower  roll  which  lay  in  wooden  bearings  cut  in  a  temporary 
frame  resting  upon  the  ways  of  the  lathe.  One  side  of  this  frame  formed 
a  guide  to  keep  the  sheets  square  to  the  rolls.  The  strawboard  was  fed 
over  a  wooden  guard  to  protect  the  operator  from  accident. 

The  strips  were  cut  extra  long  to  allow  for  trimming  by  hand  in  pack- 
ing. They  could  not  be  cut  to  exact  length  beforehand  owing  to  the 
impossibility  of  always  striking  the  rolls  at  the  same  place  in  corrugat- 
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ing.  Two  boys,  one  to  feed  the  rolls  and  one  to  take,  can  corrugate  in 
one  day  of  ten  hours  5,000  sheets  of  packing. 

Note. — The  present  size  of  Nov  60  strawboard,  viz,  26  x  37,  does  not 
cut  to  advantage  for  corrugation.  If  ever  used  in  large  quantities  for 
this  purpose  it  should  be  30  x  38,  making  8  sheets  each. 

To  complete  the  half  rows  occurring  at  alternate  ends  of  each  layer, 
each  box  requires  live  wooden  sticks  0'^3  x  O^'.O. 

One  man  will  saw  in  one  day  of  ten  hours  about  3,000  of  these  sticks, 
though  by  special  appliances  this  number  may  be  largely  increased. 

The  cost  of  the  manufacture  of  these  balls  is  shown  by  the  following 
table : 


Labor   $149  40 

Add  25  per  cent,  for  shop  expenses,  &c    37  35 

18G  75 

Materials : 

9,  400  pounds  lead,  at  5  cents   $470  00 

600  pounds  tin,  at  20  cents    120  00 

150  pounds  Japan  wax,  at  17  cents   25  50 

2,  500  pounds  coal,  at  $6  per  ton   6  70 

329  pounds  strawboard,  at  3^  cents   11  51 

1, 000  feet  box-lumber     27  50 

7  gross  screws,  at  40  cents   2  80 

80  pounds  nails,  at  4  cents   3  20 

  667  21 


.500, 000  balls,  at  $1.71  per  M   853  9(> 


The  methods  have  been  described  so  as  to  make  their  repetition  on 
either  a  large  or  a  small  scale  easy. 

A  small  box  containing  1,000  balls,  showing  through  a  glass  plate  the 
cellular  method  of  packing,  is  submitted  herewith. 

S.  0.  LYFORD, 
Major  of  Ordnance^  Commanding. 


APPENDIX  21. 


BENTON'S  ELECTRO  BALLISTIC  MACrilNE  FOR  DETERMINING  THE  VE- 
LOCITY OF  PROJECTILES. 

Description  prepared  wider  the  direction  of  Col.  James  G.  Benton  {the  in- 
V  entor)^  commanding  Ihe  JS^ational  Armory. 

BY  CAPT.  JOHN  K.  GllEER,   ()]{DNANCK  DEPAIJTMENT. 

The  Electric  Velocimeter,  invented  b}^  Col.  J.  G.  Benton,  Ordnance 
Department,  United  States  Aririy,  and  .i',enerally  known  as  the  West 
Point  or  Electro- Ballistic  Machine,  is  shown  in  the  accoinininying  en- 
graving. 

This  machine,  first  brought  to  notice  in  1859,  is  described  in  Colonel 
Benton's  "Ordnance  and  Gunnery,"  pages  3i)0-39r).  During  late  years, 
however,  the  iin])rovernents  have  been  so  varied  as  to  render  a  new  de- 
scription desirable.    The  following  has,  therefore,  been  prepared  : 

DESCRIPTION  OF  MACHINE. 

This  machine  as  now  constructed  consists  of  an  upright  limb,  A,  car- 
rying a  graduated  arc,  B  5  a  triangular  support,  C,  to  which  the  limb  is 
secured  by  screws;  two  pendulums,  D  D,  having  a  common  axis  at 
right  angles  to  the  plane  of  the  arc  and  passing  through  its  center;  and 
two  electro-magnets,  E  E,  attached  to  the  horizontal  limb  of  the  arc, 
which  serve  to  hold  up  the  pendulums  when  they  are  deflected  through 
an  angle  of  9()o  from  the  zero  of  the  scale.  By  means  of  two  spirit-lev- 
els, F  F,  at  right  angles  to  each  other — one  above  and  parallel  to  the 
axis  about  which  the  pendulums  revolve,  the  other  in  the  plane  of  the 
arc  at  its  lowest  point — and  leveling  screws  at  the  extremities  of  the  tri- 
angular support,  the  arc  may  be  brought  into  a  vertical  i^lane.  The 
magnets,  of  the  purest  attainable  soft  iron,  are  of  the  horse-shoe  form, 
and  are  very  com])act,  those  more  recently  constructed  not  exceeding 
an  inch  and  a  half  in  height,  an  inch  in  width,  and  half  an  inch  in 
thickness.  By  means  of  screws,  G  G,  working  in  collars  at  the  top  of 
the  cases  inclosing  the  magnets,  the  latter  may  be  raised  or  lowered  for 
the  purpose  of  adjusting  the  machine,  as  exjdained  further  on.  At  the 
lower  extremity  of  the  inner  pendulum  is  ])ivoted  a  delicate  bent  lever, 
the  end  of  which  next  the  arc  terminates  in  a  fine  point,  which  is  lightly 
covered  with  printer's  ink.  At  the  lower  extremity  of  the  outer  pendu- 
lum is  a  conical-shaped  rod,  which,  striking  the  outer  end  of  the  bent 
lever,  rotates  the  latter  so  as  to  press  the  point  against  the  arc,  leaving 
a  dot  of  ink,  which  marks  the  point  of  passage  of  the  two  pendulums  when 
they  fall  by  reason  of  the  breaking  of  the  electric  currents  which  excite 
the  magnets.  Two  forked  si)rings,  H  H,  catch  the  two  i)endulumss  as 
they  rise  the  opposite  sides  of  the  arc  and  prevent  unnecessary  wear  of 
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the  iournals :  the  latter  turn  in  hardened  steel  bearings.  Two  stops,  I  I, 
also  fork-shaped,  are  so  adjusted  as  to  cause  the  pendulums  to  be  atOQo 
from  the  zero  of  the  scale  when  lield  suspended  by  the  magnets.  A 
handle,  J,  above  the  limb  enables  the  machine  to  be  carried  from  pom. 
to  point. 


THEORY  OF  THE  MACHINE. 

As  an  origin  of  reference  the  zero  at  the  lowest  point  of  the  scale  is 
taken.    When  the  machine  is  properly  adjusted  tl^f  ^^^^^^^f^^^^^^f 
the  pendulums  when  simultaneously  released  should  be  at       po mt 

The  velocity  of  the  electric  currents  being  considered  instantaneous, 
and  thiloss  of  power  of  the  magnets  si^^nultaneous  with  the  ruptm^e 
the  currents,  it  follows  that  each  pendulum  begins  to  mo^^      the  m 
Rt5,nt  the  wire  leadinir  to  the  magnet  sustaining  that  pendulum  is  cut, 
and  that  t^e  in^^^^^^^  of  time  between  the  cutting  of  the  wires  corres- 


REPORT  OF  THE  CHIEF  OF  ORDNANCE. 


405 


poiKls  to  the  <li (tore lice  ot*  the  arcs  described  by  the  penduluins  up  to 
the  time  of  meetiiiji-. 

Let  M  and  M',  Fig.  1,  represent  the  posi- 
tions of  tlie  two  ina<>nets,  and  let  the  inter- 
val between  the  rupture  be  such  that  the 
centers  of  oscilhition  will  pass  each  other  at 
[.  As  the  times  of  vibration  are  ecpial,  the 
interval  of  time  will  correspond  to  the  arc 
I  I',  the  arc  M/  I  being-  e(pial  to  M  F.  A 
vertical  line  through  the  center  of  motion 
bisects  the  arc  I  The  reading,  therefore, 
corresponds  to  one-half  of  the  required  time,  or  time  of  passage  of  the 
projectile  between  the  wires. 

To  determine  a  formula  for  the  time  that  it  takes  for  one  of  the  pendu- 
lums to  i)ass  over  a  given  arc,  let  I  be  the  length  of  the  equivalent  sim- 
ple pendulum  ;  v  the  velocity  of  center  of  oscillation  or  point  5  y  the 
vertical  distance  passed  over  by  this  point;  x  the  variable  angle  which, 
the  axis  of  the  pendulum  makes  with  the  vertical ;  and  t'  the  time  nec- 
essary for  the  point  M'  to  pass  over  an  entire  circumference,  the  radius 
of  which  is  Z,  with  a  uniform  velocity,  v.    We  then  have : 


Substituting  for  //  its  value  in  terms  of  x,  the  above  expression  be- 
comes : 

V=  V2glcoBX; 


from  which  it  is  evident  that  the  velocity  of  the  pendulum  increases 
from  its  highest  to  its  lowest  point. 

The  time  t'  is  equal  to  the  circumference  of  the  circle,  the  radius  of 
which  is  ?,  divided  by  the  velocity  v  ;  if  this  value  of  t'  be  again  divided 
by  360,  we  shall  have  the  time  of  passing  over  each  degree,  or — 

 2nl 


Calling  V  the  length  of  the  seconds  pendulum,  and  the  time  of  a 
single  vibration  of  the  pendulum  of  the  machine,  we  have  by  known  laws, 
1=1'  and  g=n^  V.  Substituting  these  values  in  the  value  above  given, 
and  representing — 

i" 

IBCFV   by  a,  we  have 


cos  X, 


To  determine  t"  the  pendulums  are  removed  from  the  rjachine,  and 
the  cylindrical  journals  about  which  they  revolve  are  replaced  with 
others,  the  bearing  surfaces  of  which  are  knife-edges.  Each  pendulum 
is  started,  vibrating  through  a  very  small  arc.  By  means  of  a  stop- 
watch the  time  of  1,000  vibrations  may  be  found.  By  rei)eating  the  op- 
eration several  times  and  taking  the  mean,  the  time  of  a  single  vibration 
may  be  determined  very  exactly.  This  time  for  pendulums  of  recent 
construction  is  0.378  of  a  second. 
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TO  DETERMINE  A  TABLE  OF  TIMES. 

To  determine  the  time  of  passage  over  the  various  arcs  estimating 
from  zero,  it  will  be  found  convenient  to  apply  logarithms  to  the  formula 

previously  deduced  which  should  then  be  written  t=   Ebeinff 

V  C08  X,  ^ 

the  radius  of  the  logarithmic  tables,  that  is,  10,000,000,000. 
From  this  we  have 

log.  f=log.  +  J  log.  R  —  ^  log.  cos  or 
log.  f=log.  ^,  +  5  —  ^  log.  cos  X.  But 

a  =  •  '  log-  «     log.  0.378  -  J  log.  64,800  ^  3.171705  and 

log.  t  =  2.171705— J  log^os  x, 
final  formula  for  determining  the  times  for  pendulums  as  nbw  constructed. 

If  now  X  be  made  successively  equal  to  1^,  2°,  3^,  &c.,  and  the  corre- 
sponding values  of  t  be  found,  we  shall  have  the  time  of  passage  of 
pendulum  over  each  degree. 

By  addmg  the  time  of  passage  over  the  first  degree  to  that  over  the 
second  we  shall  have  the  time  of  passage  over  an  arc  of  2°.  In  the  same 
manner,  by  adding  this  latter  time  to  that  of  the  third  degree  we  shall 
have  the  time  of  passage  over  an  arc  of  3^,  and  so  on. 

The  following  table  has  been  determined  in  this  manner : 

Table. 


Degrees. 

Time  in  seconds  of 
pa.ssage  over 
each  degree. 

Sum  of  times  in 
seconds. 

Degrees. 

Time  in  second  s  of 
pa.ssage  over 
each  degree. 

Sum  of  times  in 
seconds. 

1 

. 00148504 

. 00148504 

19 

.00152749 

.  02849909 

2 

.  00148538 

.  00297042 

20 

.001.53174 

.  03003083 

3 

.  (10148594 

.  004456:^6 

21 

.00153684 

.03156767 

4 

.  00148673 

.  00594309  1 

22 

. 00154213 

. 03310980 

5 

.  00148775 

.  00743084 

23 

.  001.54772 

. 03465752 

6 

.  00148901 

.00891985 

24 

. 00155361 

.03621113 

7 

.  00149049 

.01041034 

25 

.00155980 

. 03777093 

8 

.  00149221 

.01190255 

26 

. 00156630 

.  03933723 

9 

.00149415 

.0133  '670 

27 

.00157313 

.04091036 

10 

.  00149633 

. 014H9303 

28 

.  00158029 

.  04249065 

11 

.  00>49t<76 

.01639179 

29 

.00158780 

.  04407^45 

12 

.001.50142 

.  017,-9321 

30 

. 00159565 

.  04567410 

13 

.00150433 

.  01939754  f 

31 

.  001603.'^8 

.  04727798 

14 

. 00150749 

.  02090503 

32 

.  00161248 

.  04889046 

15 

.00151089 

.  02241592 

33 

.  00162147 

.05051193 

16 

. 00151455 

. 02393047 

34 

.00163087 

.05214280 

17 

.  00151847 

.  02544894  1 

35 

.00164070 

.  O53783')0 

18 

.00152266 

.  02697160 

36 

.  00165092 

.  05543442 

TO  COMPUTE  A  SCALE  OF  VELOCITIES. 

The  times  determined  as  just  explained,  it  should  be  remembered, 
correspond  to  but  half  the  difference  of  the  arcs  described  by  the  two 
pendulums ;  therefore,  they  should  be  doubled  in  order  to  get  the  time 
between  the  falling  of  the  pendulums  or  the  successive  cuttings  of  the 
wires.  The  distance  between  the  targets  being  known,  the  velocity  may 
be  determined  by  dividing  it  by  the  time  required  by  the  projectile  to 
move  from  one  to  the  other.  Let  it  be  required,  for  instance,  to  de- 
termine the  velocity  corresponding  to  an  arc  of  15°,  the  target  interval 
being  100  feet.  On  referring  to  the  foregoing  table  we  find  the  corre- 
sponding time  to  be  0^^02241502;  doubling  this  we  have  0''.04483184. 

But  the  velocity,  or  ^  =  o".o4483i84-  *  • 

log.  ?;  =  log.  100— log.  0.04483184=3.348243  and  y  =  2229.7  feet. 
The  following  table  has  been  conq)uted  in  the  manner  above  explained: 


KKPOKT  OF  THE  CHIEF  OF  ORDNANCE. 
BENTON'S  ELECTRIC  AND  THREAD  VELOCIMETERS. 
Table  of  velocitiea,  in  feet,  calculated  for  a  (Ustanee  of  100  feet  between  targets. 
[Time  of  vibration  of  pendulum,  0".378.J 
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20O 

21° 

220 

230 

240 

250 

26° 

270 

1«65. 1 

1583.  8 

1510.  0 

1442.  6 

1380.  8 

1223.  7 

1270.  9 

1222.  3 

0°.  1  

1656.  8 

1576.  3 

1503.  1 

1436.  3 

137.5.  0 

1318.3 

1265.  9 

1217.  6 

0°.  2  

164bi.  4 

1568.  7 

1416.3 

1430.  I 

1369.  2 

1313.0 

1261.  0 

1213.0 

Oo.  3   

164  ;.o 

1.561.2 

148!).  4 

14-23.  8 

1363.  3 

1307.  6 

12.56.  0 

1208.  3 

0°.  4  

16;U.  7 

1.553.  (i 

148J.  6 

1417.6 

1357.  5 

1302.  3 

1251.  1 

1203.  7 

0O.5  

1623.4 

1546. 1 

1475.  7 

1411.3 

1.351.7 

12!)6.  9 

1246.  1 

11!)9.0 

(P.  6  

161.5.  5 

1.538.9 

146!).  1 

140.5.  2 

1346. 1 

1291.  7 

1241.5 

1194.  5 

0°.  7  

1607.  6 

1531.  7 

1462.  5 

1399.  1 

1340.  5 

12«6.  5 

1237.  0 

1190.  1 

00.8  

1599.  6 

2524.  4 

1455.  8 

13!)3.  0 

1334.  9 

V1B\.  3 

1232.  4 

1185.  6 

0^.9  

1591.  7 

1517.  2 

1449.  2 

1386.  9 

1329.  3 

1276. 1 

1227.  9 

1181.  2 

28° 


29° 


30° 


1176.  7 
1172.  4 
1168. 1 
1163.8 
1159.5 
11.55.2 
1151.0 
1146.  9 
1142.7 
1138.  6 


1134.  4 
1 130.  4 
1126.4 
1122.3 
1118.3 
1114.3 
1110.4 
1106.5 
1102.5 
1098.  6 


1094.  7 
1090.9 
1087.  2 
1083.4 
1079.  7 
1075.  9 
1072.  2 
1068.5 
1064.  9 
1061.2 


310 


10.57.  5 
1054.0 

1050.  5 
1046.  9 
1043.  4 
10:59.  9 
1036.  4 
1033.  0 
1029.5 
1026. 1 


320 


1022.  6 
1019.3 
1016.0 
1012.  6 
1009. 3 
1006.  0 
1002.  8 
999.  5 
996.3 
993.  0 


330 


989.8 
986.  7 
983.  6 
980.  5 
977.4 
974.3 
971.  3 
968.2 
96.5.  I 
962.  0 


340 


958.9 
956  0 
953.0 
950.1 
947.2 
944.3 
941.  3 
938.  4 
935.  5 
932.5 


350 


927.  8 
924. 1 
921.  3 
918.5 
915.7 
91.3.  0 
910.2 
907  4 
904.7 
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zero  of  the  scale,  an  anxiliary  instriiirient,  shown  in  Fig.  2,  is  i)rovided, 
which  enables  the  currents  to  be  made  or  interrnpted  at  will.  It  con- 
sists of  a  wooden  block,  A,  to  wlii«  h  tAvo  spring  blades,  B  B,  through 
which  the  currents  pass,  are  secuired  at  rear  by  the  binding-screw  posts 
C  0.  When  cocked  the  front  ends  of  these  blades  are  in  contact  with 
two  small  adjustable  posts,  D  D,  connected  by  brass  plates,  E  E,  with 
binding-screw  posts,  F  F,  at  the  front  of  the  block.  A  heavy  steel 
spring,  G,  fastened  by  screws  to  the  rear  of  the  block,  supports  a 
straight  rod,  H,  coated  with  rubber  or  other  insulating  material,  nearly 
at  right  angles  to  and  below  the  blades  B  B.  When  the  spring  is 
pressed  down  a  catch,  1,  operated  by  a  concealed  spring,  holds  it  in 
place.  By  means  of  the  trigger  K  the  catcjh  may  be  thrown  back,  when 
the  spring  rising  causes  the  rod  H  to  lift  the  bUidesfrom  the  small  posts, 
breaking  the  currents  aiul  allowing  the  pendulums  to  fall.  The  cross- 
rod  H  is  about  an  eighth  of  an  inch  below  the  blades  when  the  instru- 
ment is  cocked ;  it  therefore  accpiires  considerable  momentum  before 
reaching  the  blades,  strikes  tliem  a  blow  and  breaks  the  contact  sud- 
denly, preventing  dragging.  The  front  ends  of  the  blades  are  very 
near  together,  which  diminishes  the  liability  of  one  current  being  broken 
before  the  other;  the  releasing  of  the  spring  by  a  trigger  also  tends  to 
the  same  end,  it  having  been  found  that  the  disjunction  dot  could  be 
shifted  by  varying  the  pressure  from  one  side  to  the  other  of  the  spring- 
catch,  as  originally  constructed.  This  latest  form,  devised  at  the 
National  Armory,  is  believed  to  be  the  most  perfect  yet  proposed. 

'iHE  BATTERIES. 

The  batteries  used  with  this  machine,  also  proposed  by  Colonel  Benton, 
are  a  modification  of  the  Bun  sen. 

The  outside  cup  is  of  cast-iron,  and  contains  simply  common  salt  and 
water.  The  porous  cup  holding  the  carbon  is  filled  with  a  mixture  of 
one  part  nitric  and  three  parts  dilute  sulphuric  acid.  A  perforated  cast- 
iron  cylinder  surrounds  the  porous  cup. 

These  batteries,  though  not  so  powerful  as  the  Bun  sen,  are  not  sub- 
ject to  local  currents,  are  very  uniform  in  their  action,  and  readily  re- 
sponsive to  the  closing  of  the  circuit.  They  also  possess  the  great  merit 
of  cheapness. 

THE  TARGETS. 

For  small  arms  a  single  wire  stretched  tautly  across  the  muzzle  of  the 
gun  is  all  that  is  necessary  for  the  first  target.  A  screen  of  about  8 
inches  in  width  and  4  inches  in  height,  made  by  stretching  the  wire 
back  and  forth  over  small  i^ins  about  J  of  an  inch  apart,  is  a  convenient 
size  for  the  second  target.  A  terminal  plate  target,  as  used  at  Frank- 
ford  Arsenal,  having  a  spring  on  its  rear  connected  with  the  target 
wires,  has  been  found  to  give  very  satisfactory  results.  The  connection 
is  broken  by  the  shock  of  the  bullet  against  the  plate,  and  the  spring 
automatically  renews  it. 

For  cannon  the  screens  should  be  greatly  enlarged,  and  the  machine 
shmild  be  at  such  distance  from  the  gun  and  so  sheltered  that  the  pen- 
du]  lums  will  not  be  jarred  down  before  the  wires  are  cut. 
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(jiENEUAL  AliKANGEMEJNT. 

The  following  sketch  illustrates  the  armiij»einent  of  the  various  parts 
for  taking  velocities : 

A  is  the  machine,  B  the  disjunctor,  0  and  D  the  batteries,  E  and  F 
the  targets,  and  G  the  gun. 


Fig.  3. 


TO  ADJUST  THE  MACHINE. 

The  batteries  being  in  connection  with  the  machine  close  the  dis" 
junctor.  Kaise  the  pendulums  to  their  corresponding  magnets  and 
touch  the  registering  point  with  the  blade  of  a  knife  lightly  coated  with 
printer's  ink.  Pull  the  trigger  of  the  disjunctor.  If  the  dot  be  at  zero 
of  the  scale  the  adjustment  is  probably  correct;  it  is,  however,  always 
well  to  repeat  the  operation.  If  the  dot  be  at  either  side  of  the  zero, 
turn  the  adjusting  screw  of  the  magnet  on  that  side  slightly  to  the  right, 
so  as  to  withdraw  the  magnets  from  the  pendulum,  or  lower  the  one  on 
the  opposite  side;  close  the  disjunctor  and  proceed  as  before.  The 
operation  should  be  repeated  until  the  dot  coincides  with  the  zero. 

The  adjustment  can  usually  be  made  in  a  very  few  minutes.  In 
practice  it  will  be  found  advisable  to  withdraw  the  magnet  connected 
with  the  most  distant  target  from  the  pendulum  until  the  least  powder 
that  will  sustain  the  pendulum  is  found. 

The  other  pendulum,  which  is  connected  with  the  first  target,  should 
then  be  adjusted  to  the  second  one.  Eesistance  coils  may  be  used  for 
this  purpose  if  necessary.  By  this  mean  s  the  least  battery  power  that  will 
do  the  work  is  made  use  of  with  less  liability  to  error  due  to  remaining 
magnetism.  One  great  advantage  of  this  machine  is  the  trilling  amount 
of  power  required,  a  single  cell  on  each  pendulum  being  amply  sufdcien.t 

TO  ADJUST  THE  DISJUNCTOR. 

Adjust  the  machine,  as  before  explained,  bringing  the  dot  exactly  on 
the  zero.  Invert  the  circuits  so  that  the  currents  shall  pass  each  through 
the  other  blade.  Take  a  disjunction.  If  the  dot  be  found  at  the  zero 
no  adjustment  is  required.  If  found  at  the  side  of  the  zero  opposite  the 
magnet  in  the  first  circuit,  turn  out  slightly  the  small  post  on  which  the 
blade  rests,  as  the  pendulum  in  this  circuit  falls  too  soon  ;  if  found  on 
the  same  side  adjust  the  other  x>ost ;  or,  in  either  case,  one  may  be 
turned  out  and  the  other  in.  Repeat  the  operation  until  the  dot  is 
found  at  zero  with  the  currents  passing  through  either  blade. 

TO  TAKE  VELOCITIES  WITH  THE  MACHINE. 

Place  the  first  target  in  the  circuit  of  one  pendulum  and  battery,  and 
the  second  in  that  of  the  other.  Adjust  the  machine,  close  the  disjunctor, 
suspend  the  pendulums,  ink  the  point,  and  give  the  signal  to  fire.  Pull 
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the  trigger  of  the  disjunctor.  Eead  the  arc  from  0  to  the  dot  and  from 
the  scale  take  the  corresponding  velocity  in  feet.  Kenew  the  targets, 
take  a  disjunction,  and,  if  necessary,  adjust  the  machine;  then  proceed 
as  before. 

ACCURACY  OF  THE  MACHINE. 

For  the  purpose  of  giving  an  idea  of  the  extreme  accuracy  of  this 
machine  when  properly  constructed  and  carefully  worked,  tlie  following 
record  of  velocities,  taken  at  the  I^ational  Armory  during  a  period  of 
several  months,  simultaneously  with  independent  circuits,  on  this  ma- 
chine and  the  Le  Boulenge  chronograph,  — one  of  the  mostreliable  michro- 
chronometers  known — is  here  given : 


Velocities. 

Date. 

No.  of  shot. 

Benton's  electro-ballistic. 

Le  Bouleng6  chronograph. 

f 

Aug.  15,  1879.  <! 

I 

1 

2 
3 
4 

5 

1247.  9 
1*45.  4 

1 263.  2 
Wire  uot  cut. 
l-24o.  4 

1243  1 
1244.  6 
125.-'.  3 
1263.  7 
1243. 1 

Mean  

1250.  5 

1250.  7 

r 

1 

Aug.  1  5,  1879.  ^ 

[ 

1 

3 
4 
5 

1199.  9 
Wire  not  cut. 
1191. 1 
1192.  9 
1191.  1 

1192.  7 
1210.  3 
1184.8 
1200.  5 
1184.  8 

Mean  

1195.  4 

1194.6 

I 

Aug.  15, 1879.  <! 

[ 

i  ~ 
2 
3 
4 

5 

1183.4 
1172.  I 
11K7.  5 
11.50.  0 
1165.  2 

1 181  4 
1171.  1 
1166.2 
1148.6 
1164.2 

Mean  

1167.6 

1166.3 

[ 
1 

1 

2 
3 
4 

5 
g 

1345.  3 
1.339.  4 
1357.  1 
1354.  1 
13:-i9.  4 
1345.3 

Wire  uot  cut. 
1335.  7 
1342. 1 
13.53.  4 
1335.  3 
1349.  5 

Mean  

1346.  8 

1343.  2 

Oct.  14,  1869.1 

[ 

1 

2 
3 
4 

5 

134  5.  3 
1339.  4 
1339.  9 
1339.  4 
1351.  2 

1344.6 
1338.  7 
1341.  6 
1340.  6 
1349.  5 

M  an  

1343. 

1343. 

f 

Oct.  15,  1879.  <! 

1 
I 

1 

3 
4 
5 

1342.3 
1322.  4 
1336.  5 
1351.2 
1345.  3 

1342.  6 
1324.  1 
1333.8 
1353.  4 
1344.  6 

Mean  

1339.  5 

1337.  7 

f 

Oct.  15,  1879.  \ 

[ 

2 
3 
4 
5 
6 

1330.9 
1330.9 
133U.  1 
1312.  4 
1342.  4 
1339  4 

132.5. 
1327.9 
1331.8 
1352.  4 
1342  1 
1340.  6 

Mean   

1330. 

1336.  1 
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Velocities. 

Date. 

No.  of  shot. 

Benton's  electro-ballistic. 

Le  Souleng6  chronograph. 

Oct.  16,  1879.  j 

1 

2 
3 
4 
5 

1357. 1 
1351.  2 
1348.  3 
1357. 1 
1366. 1 

1356.  3 
1352.  4 
1349.  0 
1361.2 
1369.  1 

Mean  

1356. 

1357.  6 

Oct.  16,  1879.  ^ 

1 

2 
3 
4 

5 

1348.  3 
1350. 1 
1348.  3 
1351.  2 
1339.  4 

1349. 
1319.  5 
1349. 
1349. 
1342. 1 

Mean  

1347.  5 

1347.  7 

Oct.  16,  1879.  i 

1 

2 
3 
4 
5 

1342.  3 
1351. 2 
1345.3 
1352. 1 
1354.  1 

1338.  7 

1349.  5 
1346.  5 
1351.  4 

1350.  4 

Mean  

1349.  0 

1347.  3 

Oct.  17.  1879.  { 

1 

2 
3 
4 
5 

1357. 1 
1,^51.  2 
1348.  3 
1357. 1 
1366. 1 

1356.  3 
1354.  2 
1349. 
1361.  2 
1309. 1 

Mean  

1356. 

1357.  6 

Oct.  17,  1879.  i 

1 
2 
3 
4 

5 

1348.3 

1350.  1 
1348.  3 

1351.  2 
1339.  4 

1349. 
1349.  5 
1349. 
1349. 
1342. 1 

Mean  

1347.5 

1347.  7 

Oct.  17,  1879.  j 

1 

3 
4 

5 

1342.  3 
1351.  2 
1345.  3 
1352. 1 
1354. 1 

1338.  7 

1349.  5 
1346.  5 
1351.  4 

1350.  4 

Mean  

1349. 

1347.  3 

Oct.  23,  1879.  ] 

1 

2 
3 
4 

5 

1181.1 
1195.4 
1204.  3 
1204.  3 
1197.  4 

"Wire  not  cut. 
1194.  6 
1206.  9 
1201.  5 
1192. 7 

Mean  

_ — . — .  

1196.  5 

1198.  9 

Nov.     1879.  i 

1 

2 
3 
4 
5 

1399.  3 
1384.  2 
1399.  3 
1396. 1 
1398.  3 

1396.  5 
1378.  9 
1394.  5 
1398.  5 
1400.  4 

Mean  

1395.  4 

1393.  8 

Jan.  14,  1880.  i 

2 
3 
4 
5 

1346. 1 
1334.  9 
1334.  9 
1340.  5 
1343. 3 

1346. 
1333. 

1336. 

13:?9. 
1345. 

Mean...  

1339.  9 

1339.  8 

Jan.  14,  1880.  | 

1 

2 
3 
4 

5 

1357.  5 
1346. 1 
1342.  3 
1351.  7 
1347. 1 

1355. 
1346. 
1341. 
1349. 
1346. 

Mean  

1348.  9 

1347.  4 
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Velocities. 

Date. 

No.  of  shot. 

Benton's  electro-ballistic. 

Le  Bouleng6  chronograph. 

r 

Jan.  27,  1880.  | 

1 
2 
3 
4 
5 

1328. 1 
1340.  4 
1340.  4 
13.57. 1 
1351.  2 

1327.  9 
1341.  6 
Wire  not  cut. 
1359.  3 
1350.  4 

Mean  

1343.  4 

1344.  8 

r 

Jan.  27,  1880.  | 

1 

2 
3 
4 
5 

1263.2 
1290.  4 
1266.  8 
12B1.2 
1294.  8 

1265.  2 
1287.  7 
1260.  2 
1260.  8 
1302.  4 

Mean  

1275.  3 

1276.  5 

Mean  of  all  foregoing  veloci- 

1314.  9 

1314.1 

Difficulties  with  the  earlier  machines  were  experienced  because  of  the 
tact  that  there  were  no  means  provided  for  regulating  the  power  of  the 
magnets,  and  still  more  from  the  faulty  construction  of  the  disjunctors 
issued  with  them.  These,  as  first  pointed  out  by  Captain  Prince,  Ord- 
nance Department,  were  not,  in  fact,  disjunctors  at  all.  Both  currents 
passing  through  a  single  blade,  its  opening  had  the  effect  of  throwing 
both  batteries  in  the  same  circuit.  Hence  remaining  magnetism,  simply 
because  the  circuits  were  not  broken. 

THREAD  VELOCIMETER. 

A  modification  of  the  velocimeter  before  described,  by  which  electric- 
ity for  sustaining  the  pendulums  is  replaced  by  thread,  has  also  been 
devised  by  Colonel  Benton.  The  machine  stands  midway  between  the 
targets.  In  principle  it  is  based  on  the  loosening  effect  of  a  taut  thread 
being  transmitted  through  equal  distances  in  equal  times.  Though  not 
as  reliable  as  the  electric  machine,  it  has  been  found  to  give  very  satisfac- 
tory results. 
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CARRIAGE  FOR  LOWELL  BATTERY  GUN. 

[Three  plates.] 

Watervliet  Arsenal, 
West  Troy,  N.  Y,,  May  21,  1880. 

General  S.  V.  Ben:6t, 

Chief  of  Ordnance,  U.  S.  A.,  Waslimgton,  D.  C.  : 
Gener  al  :  I  have  the  honor  to  inclose  three  sheets  of  drawings,  giving 
dimensions  and  details  of  construction  of  the  carriage  and  limber  for  the 
Lowell  battery  gun,  caliber  .45'',  fabricated  at  this  arsenal  under  your 
instructions  dated  December  27,  1879. 

Very  respectfully,  your  obedient  servant, 

P.  Y.  HAGNER, 
Colonel  of  Ordna^ice,  Commanding, 
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APPENDIX  23. 


A  REPORT  ON  THE  WELDON  RANGE-FINDER. 

BY  LIEUT.  A.   II.  RUSSELL,  UNDICR  THK  DIRECTION  OF  COL.  T.  T.  S.  LAIDLEY,  ORDNANCE 

DKPAHTMKNT. 

[Two  phitcs.] 

A  paper  by  Major  J.  B.  Kicliardson,  K.  A.,  read  before  tlie  R.  A.  In- 
stitution and  tVirnislied  from  the  Oi'dnaiiee  Olitiee,  contains  tlie  oidy 
information  as  yet  received  concern iiii;'  tlie  Weldon  raii^e-finder,  but 
from  its  incom])ieteness  this  information  had  to  be  supplemented  by  fur- 
ther investi^i^ation  and  experiment. 

The  account  is  as  follows : 

(Fi.i>s.  1  to  ()  relate  to  this  part.) 

"The  use  of  range  finders  in  scientific  warfare  is  recognized  as  a  neces- 
sity by  nearly  all  the  military  powers;  but  hitherto  no  satisfactory 
instrument  has  been  forthcoming. 

"To  many  a  hard-working  battery  ofticer  who  has  toiled  wearily  on, 
instructing  men  in  the  art  of  range-finding  with  the  highly  complicated 
instruments  adoi)ted  in  our  service,  happy  it;  by  chance,  he  has  succeeded 
in  training,  after  hours  and  hours  of  instruction,  say,  one  non-commis- 
sioned otticer  in  his  division  to  find  ranges  accurately  enough  for  the 
result  to  be  depended  on,  the  news  that  an  instrument  has  been  invented 
simple  enough  for  an  uneducated  man  to  work  effectively  will  be  most 
welcome. 

"  Such  a  system  of  range-finding  has  been  perfected  by  Major  Weldon, 
of  the  Madras  Staff  Corps.  It  may  be  taught  to  an  intelligent  man  in 
an  hour,  and  to  men  of  poor  education — the  class  with  which  one  mostly 
has  to  deal — in  from  three  to  four  hours.  The  instrument  used  is  ex- 
tremely simple,  devoid  of  calculators,  verniers,  cylinders,  screws,  springs, 
racks,  or  anything  likely  to  get  out  of  order ;  extremely  portable,  and 
so  cheap  that  every  non-commissioned  officer  might  possess  one  and 
carry  it  in  his  pocket.  By  this  system  a  range  may  be  found  in  the 
timc^that  it  takes  to  dismount  and  put  a  Nolan's  instrument  togetlier,  or 
while  with  a  Watkins'  the  horses  are  being  knee-haltered  and  the  pick- 
ets being  planted;  and  the  ranges  found  can  be  depended  upon. 

"All  range-tinders  depend  for  the  accuracy  of  result  on  the  length  of 
the  base.  When  the  base  subtends  an  angle  of  less  than  2^  the  result 
is  unreliable,  unless  instruments  are  used  far  too  delicate  for  rough  serv- 
ice work.  Again,  if  the  angle  subtended  by  the  base  is  greater  than  3° 
the  base  is  unnecessarily  long.  In  all  range-finders  worked  with  an  arbi- 
trary base  the  error  increases  with  the  distance.  Major  Weldon's  system 
secures  unvarying  reliability  at  all  ranges,  by  making  the  base  propor- 
tional to  the  sides  of  the  triangle,  which  converge  on  the  distant  object. 
He  reasoned  thus  (Fig.  1,  PI.  1) : 

"In  an  isosceles  triangle,  A  B  C,  of  which  the  angles  A  B  0,  A  C  B 
are  each  88°  34'  3"  and  A  I)  is  a  i)erpendicular, 

A  B  =  B  D  sec.  88o  34'  3" 
B  0 
=  X  40 

2 

=  20  B  0. 
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He  applies  tliis  reasoning  practically,  thus : 

Suppose  an  observer  (Fiji'.  2,  PI.  1)  at  0,  with  an  instrument  capable 
of  reflecting  an  angle  of  88°  34'  3'^,  sees  A  reflected  along  a  line  0  F. 
If  an  observer  provided  with  a  similar  instrument  moves  in  the  direction 
F  to  0,  he  will  arrive  at  a  point,  B,  where  he  will  see  A  reflected  on  0. 
A  B  G  will  then  be  an  isosceles  triangle  having  the  angles  A  B  0,  A  C 
B  each  =  88°  34'  3'',  and  twenty  times  the  base  B  0  will  equal  A  B  or 
AO. 

"  Or,  suppose  there  is  only  one  instrument  forthcoming,  then  the  ob- 
server, by  using  two  pickets,  can  obtain  the  same  result. 

Planting  a  picket,  D  (Fig.  3,  PI.  1),  at  random,  he  moves  until  he 
finds  at  0  a  place  where  A  is  reflected  along  the  line  0  D  F,  and  here  he 
again  plants  a  picket.  Moving  along  the  line  0  F,  he  arrives  at  a  spot, 
B,  wiiere  A  is  reflected  on  the  line  of  the  pickets  D  and  0.  As  before, 
twenty  times  B  0=A  B  or  A  0. 

"After  some  years  spent  in  attempts  to  obtain  the  satisfactory  reflec- 
tion of  an  angle  of  88^  34'  3",  Major  Weldon  has  now  introduced  an 
instrument  so  simple  that  until  used  it  is  difficult  to  believe  that  with 
such  an  apparent  toy  distances  varying  from  a  few  yards  to  many  thou- 
sands of  yards  can  be  accurately  measured.  Its  cost,  at  present,  is  about 
thirty  shillings.  It  is  little  larger  than  a  walnut,  weighs  but  a  few 
ounces,  and  can  be  carried  in  a  small  pocket.  It  requires  no  adjustment, 
and  will  stand  rough  usage. 

It  consists  of  a  plate-glass  prism,  bound  in  brass  (Fig.  4,  PI.),  having 
the  angle  B  A  O  carefully  ground  to  88o  34'  3",  the  back,  B  D  E  0,  being 
silvered,  so  as  to  act  as  a  mirror.  Its  cost  is  great,  owing  to  the  care 
which  has  to  be  given  to  cutting  the  angle  accurately.  In  practice,  this 
instrument,  small  as  it  is,  is  found  to  work  perfectly,  giving  ranges  with 
great  accuracy. 

"  The  drawing  (Fig.  5,  PI.  1)  will  explain  its  use.  The  sketch  is  neces- 
sarily much  exaggerated.  It  is  required  to  find  the  distance  of  the  palm 
tree,  A :  The  observer  moves  along  the  line  0  F  until  he  sees  the  irdlm 
tree  and  the  eye  of  the  soldier  at  0  coincide.  The  soldier  at  0,  provided 
with  a  similar  instrument,  sees  the  palm  tree  and  the  eye  of  the  observer 
at  B  reflected  in  a  similar  way.  Then  each  of  the  angles  A  B  0,  A  0  B= 
880  34'  3",  and  A  0=20  B  0. 

"  Major  Weldon  also  works  with  another  instrument,  rather  larger  and 
perhaps  slightly  more  complicated,  but  nevertheless  extremely  simple. 
It  is  far  cheai^er  than  the  last  described — costing  about  fifteen  shillings — 
and  is  easy  of  adjustment.  The  instrument  (Fig.  6,  PL  2)  consists  of  a 
solid  brass  case,  H  G  I  J  K,  in  the  form  of  a  segment  of  a  cylinder,  the 
apex  angle  being  taken  greater  than  89°,  having  two  oblong  openings, 
W,  in  each  side,  and  underneath  each  of  these  windows  a  block,  k,  in 
which  is  fixed  a  mirror,  M.  The  block  on  the  left-hand  side  is  firmly 
fixed  with  screws,  but  the  block  on  the  right  is  capable  of  slight  adjust- 
ment by  screws  at  L.  The  mirrors  are  inclined  to  one  another  at  an 
angle  of  88^  34'  3".  A  handle,  P,  is  screwed  to  the  case  for  convenience 
in  using  the  instrument,  and  there  is  a  loop  at  the  end  of  this  handle  to 
admit  of  the  attachment  of  a  lanyard,  so  that  it  may  be  carried  round 
the  neck  and  stowed  a\^  ay  in  a  pocket  without  being  liable  to  a  fall. 

"When  using  the  instrument  it  must  be  held  with  the  open  side 
toward  the  eye,  but  nearly  half  turned  in  the  direction  of  the  object  to 
be  reflected,  so  that  on  looking  into  the  instrument  only  one  reflector  is 
visible,  in  which  will  be  seen  objects  to  the  right  or  left  of  the  observer. 

"  Major  Weldon's  directions  for  finding  the  range  exhibit  the  practical 
working  of  the  instrument : 
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'  To  tiiid  the  ran^c  with  1  wo  iiicii,  No.  1  ^ot's  to  tlic  ri^ht  and  finds  Mie 
allele;  No.  2  <>(>es  to  the  kit't  and  finds  the  base:  the  two  men  stand 
faein«4'  the  objeet.  They  earet'nily  note  and  a^ree  on  sonie  ])roininent 
l»oint  on  it  to  be  observed  in  t lie  anj>h»-^lnss. 

'"They  tlien  tnrn  outward,  note  the  partienhir  spot  on  tlie  ^^ronnd  in 
front  of  eaeli  tliat  eoineich's  with  the  ret1e(;ted  object,  a^nd  niareli  strai<;iit 
on  tlie  spot  untii  they  reach  tiie  estimated  len«^tli  of  base. 

'  Tliey  now  turn  inward,  and  No.  2  stands  steady  whih',  No.  1,  moving, 
makes  an  aii,i>h'  with  him  and  the  object,  and  when  tliat  is  eti'ected  he 
stands  steady.  No.  2  now  sees  in  tlie  an^le  julass  w  hetlier  tlie  reflected 
object  falls  to  tiie  li^^ht  or  left  of  No.  1.  if  on  the  ri<>ht,  No.  2  must 
retire  to  inci'ease  his  (listance  from  No.  1 ;  if  on  the  left,  he  must  advance 
to  lessen  his  distance.  After  each  move  No.  2  halts  and  stands  steady 
for  No.  1  to  make  a  fresh  an^le.  In  this  manner  Nos.  1  and  2  alternately 
move  and  halt  until  they  ^li'et  the  object  fairly  reflected  on  each  other. 
The  distance  between  them  is  Then  measnred  to  determine  the  range  of 
the  ohject.' 

"  In  i)ractice  Major  Weldon  either  i)aces  the  base  (whi(?h,  from  practice^ 
he  does  vei'y  correctly,  and  obtains  very  fairly  accurate  results),  or  he 
measures  it  l)y  a  line  or  thin  cobbler's  twine — a  material  he  finds  to  answer 
better  than  ta])es,  »S:c.  Of  this  line  he  carries  150  yards  (answering  to  a 
3,000  yards'  range),  wound  on  a  sim})ly-(;onstructed  reel,  marked  and 
numbered  at  every  five  yards.  Each  of  these  marks  corresponds  to  100 
yards  of  range,  and  is  so  lignred.  No  strain  comes  on  this  line.  liTe 
man  measui  ing  moves  straight  from  point  to  point;  the  line,  as  it  unwinds 
from  the  reels,  lies  fair  on  the  ground. 

"In  rewinding  the  man  walks  rapidly  back  winding  up  as  he  goes^ 
instead  of  ])ulling  the  line  to  him.  The  w^ooden  disk  or  reel  for  150  yards 
of  this  measuring  twine  is  so  thin  that  it  can  be  used  in  the  highest  wind. 

"The  ease  with  which  the  range  of  moving  objects  is  obtained  by  two 
observers  w  ith  the  Weldon  instruments  is  very  remarkable ;  but  for  such 
objects  {practiced  men  are  required.  The  distance  of  infantry  tiring  from 
under  cover  has  been  ascertained  by  the  puff  of  smoke  from  their  rifles. 
The  position  of  hidden  guns  could  doubtless  be  obtained  in  the  same 
manner."  • 

REXARKS. 

A  prism  instrument  made  in  London  in  the  manner  above  described 
accomi)anied  the  paper.    It  will  be  referred  to  hereafter  as  prism  No.  1. 

This  instrument,  when  tested,  w^ould  not  give  the  required  reflection 
of  88°  34'  'S'\  but  gave  a  variable  angle  greater  than  90°,  showing  that 
its  construction  was  faulty,  and  the  description  given  in  the  above  paper 
incomplete.  The  theory  and  use  of  the  instrument  are,  however,  correctly 
given. 

Another  prism  was,  therefore,  prepared,  differing  from  prism  Xo.  1  in 
the  following  particulars : 

While  No.  1  w^as  so  constructed  that  the  tw^o  base  angles  were  equal, 
as  show^n  in  Fig.  4,  PI.  1,  4  (A  B  C=A  C  B),  No.  2  was  required  to  have 
one  of  these  angles  equal  to  one-half  the  thinl  angle  •,  or,  A  B  C = J  B  A  0. 

The  course  of  light  in  the  prism  is  indicated  in  Fig.  7  (PI.  2),  which 
shows  a  horizontal  section  of  the  prism.  The  light  from  the  object  at  a 
enters  at  the  surface  A  B  5  is  then  refracted  more  nearly  normal  to  this 
surface ;  is  then  reflected  internally  from  the  silvered  surface  B  (J,  and 
again  internally  from  the  unsilvered  surface  A  B ;  passing  out  through 
the  surface  A  C,  where  it  is  again  refracted,  but  away  from  the  normal, 
and  reaching  the  eye  of  the  observer  at  /.  The  angle  fa'  between  fe 
27  ORi) 
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prolonged  aud  a  h,  is  the  deviation  of  the  light,  or  the  angle  reflected  by 
thei)risui. 

It  is  evident  that  the  deviation  wonld  be  the  same  if  the  observer  and 
the  object  changed  jdaces,  the  course  of  the  ray  passing  frorn/tovi  along 
the  broken  line  a  b  c  d      instead  of  from  a  to/. 

The  reason  for  making  the  angle  B  one  half  the  angle  A  appears  from 
the  following  discussion  : 

After  the  light  enters  the  i)rism  the  two  surfaces  A  B  and  B  (Tact  as 
mirrors,  and, from  the  well-known  principle  that  light  reHected  twice  from 
a  combination  of  two  jdane  mirrors  undergoes  a  deviation  equal  to  twice 
the  angle  of  the  mirrors,  the  angle  made  by  d  e  with  c  b  is  twice  the  angle  B. 
In  order  now  that  this  deviation  shall  not  be  changed  by  refraction  in 
l)assing  through  the  surfaces  A  B  and  A  C,  the  rays  b  c  and  d  e  should 
make  equal  angles  with  the  latter  surfaces — that  is,  Bbc  should  be  equal 
to  A  e  d.    The  refraction  will  then  be  tlm  same  at  both  surfaces. 

The  following  relations  subsist  among  the  angles  in  Fig.  7  : 

B  (•  Z>  =  180O-B-B  b  c=C  c  d, 

B  d  c'=0  c  d-B  =  lS0O-2  B-B  b  c=A  d 

A  =  mp-Aed-Ad€=^SO<^-A  e  rf-(l<S0o_2  B-B  b  e). 

ISTow,  since  A  e  d  must  be  equal  to  B  5  e,  A  must  be  made  equal  to  2  B 
in  order  to  obtain  an  invariable  deviation  equal  to  A. 

To  give  a  deviation  of  90°,  A  should  be  90O;  B  and  C  each  450. 
this  foini  it  can  be  used  as  a  camera-lucida. 

For  a  deviation  of  88°  :W  3'^  A  should  be  880  34'  3",  and  B  44o  IT 
1"  .5.  In  this  case  C,  not  being  equal  to  B,  the  angle  B  should  alone  be 
used  for  determining  the  deviation. 

In  prism  No.  1,  A  is  less  than  9()o,  and  B,  which  is  equal  to  0,  is  greater 
than  450.  The  deviation  will  therefore  be  variable,  and  greater  than 
900. 

These  results  are  confirmed  by  observation. 

It  is  evident  that  the  deviation  given  by  the  prism  is  chiefly  dependent 
ui)on  the  angle  B,  because  a  slight  error  ni  B  produces  twice  that  change 
in  the  deviation  ;  a  slight  error  in  A  affects  the  deviation  only  by  a  slight 
difference  in  refraction  at  the  two  surfaces,  and  though  the  deviation  will 
not  be  invariable,  it  will  change  but  slightly.  This  is  illustrated  with 
X^rism  No.  2,  in  which  B  is  not  exactly  one-half  A.  It  requires,  also,  the 
multiplier  18.3  instead  of  20.  The  table  below  shows,  however,  that  very 
good  results  can  be  obtained  with  it  as  it  is,  and  donbtless  less  variation 
would  occur  in  the  measurements  were  the  ])rism  accurately  ground. 
Accurate  grinding  was  found  to  be  «lifHcult  with  the  instruments  at  com- 
mand, but  the  defect  can  be  readily  supi)lied  if  more  prisms  are  required. 

The  cost  of  prism  No.  2  was  $12,  but  Mr.  Alvan  Clark,  who  made  it, 
estimates  that  a  number  could  be  made  correctly  for  about  |2  apiece,  as 
several  could  be  ground  together. 

It  is  altogether  probable  that  the  true  Weld  on  prism  is  similar  to 
prism  No.  2,  and  that  prism  No.  1  was  made  from  the  imperfect  descrip- 
tion given  in  Major  Richardson's  paper,  where  no  allusion  is  made  to  the 
size  of  angles  B  and  C. 

Fig.  8  (PI.  1)  shows  a  modification  of  the  frame  of  the  prism  found  con- 
venient in  practice.  A  metal  screen,  B  D  B',  perpendicular  to  the 
back,  projects  at  the  side  next  the  angle  B,  and  this  serves  to  cut  off  an- 
noying reflections,  while  it  prevents  the  use  of  the  wrong  angle  in  ob- 
serving. To  obtain  the  reflection  of  an  object  on  the  observer's  right  he 
looks  into  the  face  A  C     AMn  a  direction  nearly  parallel  to  0  B,  and 
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iov  jHi  object  on  his  left  lie.  looks  into  the  face  A  l>  IV  A'  in  ti  direction 
nearly  i)ai'allel  to  1)  !>.  if  the  prism  is  ev(H'  moved  from  its  tranu',,  care 
mnst  be  taken  to  i)lace  the  smallest  an«;le  next  the  screen. 

A  serions  dilhcnlty  arises  in  nsin^'  the  instrnment  when  the  <;ronndis 
not  very  open,  as  it  is  then  often  impossible  to  see,  from  both  ends  of 
the  recpiired  base,  the  object  whose  distance  is  desii'cd.  This  diflicnlty 
wonld  be  likely  to  ai'ise  to  some  de^^ree  with  most  ranj^e-tinders  depend- 
ent on  anj>iilar  nu'asnnMnents,  nnless,  as  in  the  l>(U(lan  telemeter,  the 
base  were  very  short.  The  tronble  (jonld  be  considerably  rednced  by 
nsinj>'  in  connxH^tion  with  the  Weldon  ra,n<>e-li!ider  a  ])rism  made  to  retlect 
an  an<»le  of  lK)o,  snch  as  that  described  above.  One  observer  having 
tixed  the  i)oint  (J  (Fig.  3)  with  the  Weldon  instrument,  another  observer 
with  the  right-angled  ])risni  moves  along  the  line  C  1)  F  until  he  sees  A 
reflected  from  the  direction  O.  He  will  then  be  at  1),  midway  between 
O  and  B,  and  in  this  way  an  obstacle  to  the  view  frou)  B  niiglit  be 
avoided.  The  new  base  being  half  tln^  usual  one,  the  multiplier  would 
have  to  be  twice  that  recpiired  for  the  Weldon  instrunu'ut  alone,  and  the 
error  of  observation  would  be  somewhat  increased.  The  right-angled 
prism  and  the  Weldon  prism  migiit  be  tixed  back  to  back  on  the  same 
frame,  so  that  each  obserx  ei'  should  have  both  at  command.  No  screen 
would  be  needed  for  the  right-angled  ])rism. 

Major  Richardson's  description  of  the  instrument  shown  in  Fig.  0  is 
also  evidently  incorrect.  Instead  of  an  inclination  of  88°  34'  3^'  for  the 
mirrors,  it  should  be  half  that,  or  44°  17'  l'\5,  to  give  a  deviation  of 
880  34'  3''.  The  angle  H  G  I  need  be  only  about  450,  instead  of  a  little 
over  89°. 

Fig.  9  (PI.  2)  shows,  in  plan,  a  proposed  instrument  in  which  the  mir- 
rors can  be  adjusted  at  Avill  for  an  angle  of  44°  17'  1"  .5,  or  of  45°,  so  as 
to  give  a  deviation  of  88^  34'  3",  or  of  90^.  This  is  for  use  in  place  of 
the  two  prisms  described  above.  It  is  partly  suggested  by  the  Watkins 
(see  Ord.  Note  110)  and  partly  by  the  Weldon  range-finder.  It  is  sim- 
pler than  the  former  and  not  so  limited  in  use  as  the  latter,  since  it  x>er- 
mits  the  emjdoyment  of  tw^o  lengths  of  base. 

The  mirrors  M  and  M'  are  attached  to  the  frame  F,  M  being  arranged 
to  turn  on  the  pivot  at  The  adj  usting-screws  K  and  L  li  mit  the  motion, 
L  being  set  to  give  an  inclination  of  45°,  and  K  of  44°  17'  l".").  It  can 
be  used  either  with  or  without  the  telescope  T,  indicated  in  the  figure, 
and  it  is  evident  that  a  telescope  could  also  be  applied  to  the  prism  in- 
strument if  desired.  The  form  shown  in  Fig.  6  could  be  retained,  and 
the  mirror  M  arranged  to  move  between  limits  fixed  by  adjusting-screws, 
as  described  for  Fig.  9. 

No  experiments  were  made  to  time  the  observations,  but  measure- 
ments were  made  very  rapidly  with  the  single  instrument.  Two  observ- 
ers working  together  w^ould  greatly  hasten  the  operation,  and  probably 
obtain  a  measurement  in  two  or  three  minutes.  The  results  given  in  the 
table  were  obtained  b^^  a  single  observer. 

The  measuring  twine  and  reel  mentioned  in  Major  Richardson's  paper 
were  not  used,  an  ordinary  tape-measure  being  employed. 

In  using  either  of  the  instruments  care  must  be  taken  to  keep  the  re- 
flecting surfaces  vertical,  and  some  little  variation  is  likely  to  arise  when 
the  observer  is  much  above  or  below^  the  object  sighted  on.  The  faint 
reflection  from  the  surfaces  of  the  prism  is  of  some  assistance  in  determin- 
ing when  the  instrument  is  erect. 

Another  form  of  prism  is  suggested  by  the  Wollaston  i)rism  used  in 
the  camera-lucida,  of  which  a  section  is  shown  in  Fig.  10,  A  being  9(P 
and  D  135°  j  light  passing  along  the  broken  line  a  b  c  d  efis  deflected 
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90O.    For  auy  other  augle  of  defiectiou,  A  slioukl  be  made  equal  to  this 

required  angle  aud  D  should  be  I8O0  \    For  a  deviation  of  S8o34'  3'', 

A  should  be  88©  34'  3'',  and  I)  1350  42'  58".o. 

Thanks  are  due  to  Professors  Cross  and  Henck,  and  to  Mr.  Holman, 
of  the  Institute  of  Technology  ;  to  Mr.  J.  Eayner  Edniands,  of  the  Cam- 
bridge Observatory  ;  and  to  Professor  Cook  and  Mr.  Melville,  of  Har- 
vard College,  for  the  use  of  instruments  and  for  valuable  measurements. 

CONCLUSIONS. 

For  open  ground  the  ^Veldon  range-finder  would  be  very  useful,  and 
for  general  use,  particularly  if  made  adjustable  to  two  lengths  of  base, 
it  is  probably  as  good  as  any  instrunu^nt  combining  such  advantages  of 
compactness  and  simplicity.  It  might  be  found  useful  in  the  hands  of 
officers  in  the  field,  particularly  on  the  plains. 

Table  of  results  ivitk  prism  Xo.  2. 
(But  one  instrument  was  used.    It  was  mounted  as  in  Fig.  8,  PI.  1.) 


By  range-finder.  Error  of  observation. 


Distance. 


First  trial. 

Second  trial. 

First  trial. 

Second  trial. 

Yards. 

Vard-s. 

Yards. 

Yards. 

Yards. 

379 

378 

+  3 

-  1 

473 

470 

469.7 

-  3 

-3.3 

m:i 

687 

656 

+  24 

-  7 

796 

800 

811 

+  4 

+15 

840 

819 

855 

-  21 

4-15 

890 

954 

854 

+  64 

-36 

1,  289 

1,  308 

1,  302 

+  19 

+13 

I,  877 
2,045 

*  1,982 

1,  867 

*^105 
t-(-  47 

-10 

t2,  092 

2,  043 

-  2 

2, 100 

*2,  056 

2,  104 

*-  44 

+  4 

2,  248 

2,  306 

2,  324 

+  58 

+76 

*  Uncertain.  t  Measurement  of  base  uncertain. 

Some  of  the  above  irregularities  piobably  arose  from  not  keeping  the  instrument  erect. 
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APPENDIX  24. 

INSTRUCTIONS  FOR  THE  CARK  AND  USE  OF  THE  FRANKFORD  ARSENAL 
HAND  TOOLS  FOR  RELOADING  CARTRHXiES. 

BY  LIKUT.  COL.  J.  M.  WIHTTKMORE,  ORDNANCK  DEPARTMENT. 

(One  plate.) 

Modified  imtnietions  for  the  care  and  use  of  the  Fran! ford  Arsenal  hand 
tools  for  reloading  cartridges  furnished  by  the  Ordnance  Department. 

RELOADING  CARTRIDGES. 

The  reloadino-  cartridges  furnished  to  the  army  are  the  following : 
Frankford  Arsenal,  solid  head. 
Lowell,  solid  head. 
Winchester,  solid  head. 
Berdan,  folded  head. 
The  Fraidvford  Arsenal,  Lowell,  and  Wincliester  cartridges  have  a 
central  vent  in  the  primer  i)ocket,  which  admits  of  the  exploded  primer 
being  driven  out  of  the  pocket  from  the  inside  of  the  empty  shell  by  a 
X)unch. 

The  Berdan,  having  no  central  vent,  requires  a  special  tool,  applied 
on  the  outside,  to  remove  the  exploded  primer. 

SPECIAL  PRECAUTIONS  FOR  RELOADING  CARTRIDGES. 

Ins])ect  all  shells  for  defects,  and  reject  all  imperfect  shells. 
Never  attem])t  to  prime  a  loaded  shell. 
Resize  shells  after  everj'  round. 

Too  much  or  too  little  lubricant  on  cartridge  or  chamber  of  gun  is  in- 
jurious to  both. 

The  set  of  Frankford  Arsenal  hand  tools  for  reloading  cartridges  con- 
sists of : 


Xame.  Cost  puce 

1  brush  wiper   $0  10 

1  charger    05 

1  die,  crimpinii    1  00 

1  die,  reloading    75 

1  die,  resizing   1  75 

1  drift   05 

1  extractor,  primer    1  00 

1  funnel   10 

1  mallet     15 

1  oil  cup   25 


1  priming  tool,  "Bridgeport"    1  00 


Xame.                                        Cost  price. 

1  punch,  primer   25 

1  jmiich,  reloading  die   25 

1  punch,  resizing  die   25 

1  safery  80(;ket.    25 

1  8craf)er,  shell   10 

1  setter,  prin»er    1  2.5 

1  wi((ing  lod    10 

1  box  containing  set   35 


Total  cost  of  set   9  00 


MATERIALS. 

The  materials  required  corax)rise  lubricated  bullets,  musket  i)Owder, 
and  cartridge  i)rimers  adapted  to  the  shells  to  be  reloaded.  The  bullets 
are  issued  in  paper  boxes  containing  50  each ;  the  powder  in  tin  canis- 
ters or  in  barrels,  inclosed  in  cotton -drilling  bags. 

Tlie  primers  are  issued  in  boxes  containing  250  each. 
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CARE  OF  TOOLS. 

The  tools  sliould  be  kept  cleai),  well  oiled,  and  in  a  dry  place,  es})e- 
cially  at  the  sea  eoast  posts. 

Grease  or  oil  used  should  be  free  from  salt  or  aeid.  Lard  or  parafhue 
oil  will  answer. 

Alter  use  they  sliould  be  cleaned  by  thorou<»hly  wiping  aiul  oilint>-. 
^ever  scour  or  polish  them  with  any  gritty  substance. 

GENERAL  REMARKS  ON  CARE  OF  TOOLS. 

Reloading  tools  should  be  used  with  a  great  deal  of  care,  otherwise 
they  are  soon  worn  out  and  the  l)e])artment  ])nt  to  unnecessary  expense 
in  replacing  them.  With  proper  use  tlu^v  will  last  for  many  thousand 
rounds. 

The  resizing  die  is  about  five-thousandths  of  an  inch  less  in  diameter 
than  the  average  chamber  of  the  gun,  hence  it  will  be  seen  that  each 
shell  should  be  clean  on  the  outside  before  being  inserted  in  the  die  for 
resizing,  and,  if  i)ossible,  slightly  oiled. 

Equal  care  should  be  exercised  with  the  (jrimping  die.  The  very 
slight  contraction  of  its  interior  surface,  which  does  the  crimping,  can 
be  very  easily  worn  away  and  the  die  made  worthless  unless  used  with 
proper  care. 

The  shoulder  of  the  reloading  punch  should  be  kei)t  clean  and  free 
from  lubricant  of  bullets,  so  that  it  can  drive  the  bullet  home  into  the 
shell ;  also  the  mouth  of  the  reloading  die,  to  facilitate  driving  the  bullet 
home. 

After  use,  these  tools,  i)articularly  the  resizing  and  crimping  dies, 
should  be  wiped  clean  and  oiled  to  prevent  their  wearing  away  from 
rust. 

The  first  practice  with  these  tools  should  be  under  the  personal  super- 
vision of  an  officer,  and  as  frequently  so  as  i)ossible. 

In  using  the  mallet,  soldiers  should  be  selected  and  taught  who  can 
drive  shells  into  resizing  die  with  steady  and  straight  blows  ou  the  head 
of  the  shell,  otherwise  its  lifetime  will  be  diminished  and  shells  unneces- 
sarily wasted. 

Tools  that  must  he  made  to  work  within  such  close  limits  cannot  take 
care  of  themselves,  and  will  certainly  get  out  of  order  unless  these  precau- 
tions are  taken,  although  made  as  strong  and  as  simple  as  possible. 

RELOADINCt. 

After  firing,  the  shells  should  be  extracted  from  the  gun  without  allow- 
ing them  to  fall  ou  the  ground,  and  i)laced  in  a  box.  This  plan  will  save 
trouble  in  cleaning  off  grit  or  sand,  and  assist  in  i^reserving  the  tools. 

The  first  operation  of  reloading  is  the  removal  of  the  exploded  primer. 
For  central- vent  cartridges  this  is  done  by  inserting  the  extractor  in  the 
shell  and  resting  the  head  of  the  latter  in  the  recess  for  it  on  the  safety- 
socket,  then  drive  out  the  primer  with  the  mallet. 

The  Bridgeport  tool  for  exterior  extraction,  and  specially  adapted  to 
the  '^Berdan"  shells,  may  be  used. for  all  cartridges;  but  the  primer 
punch  for  central-vent  shells  is  the  more  simple  and  positive  in  its  action. 
If  the  wire  of  the  extractor  should  break,  extra  ones  are  supplied  with 
each  set  of  tools,  and  are  put  in  by  unscrewing  the  plug  in  the  head  of 
the  extractor,  driving  out  the  broken  pin  with  the  new  one  in  the  direc- 
tion of  the  head,  the  hole  being  tapered,  dropping  in  the  new  pin  at  the 
head  and  replacing  the  screw  plug. 
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Tilt'  slu'lls,  wlK'tlicr  old  or  rctuMiMy  linul,  should  always,  if  ])ossibIe, 
lu^  I'loaiKul  of  t\w  i)()wdt'i'  icsidiu',  <Si(;.,  by  iinmcrsioii  and  agitation  in 
hot  water.  ( -old  water  will  clean  thein,  but  hot  water  is  a  better  solvent, 
and  the  sliells  dry  inoie  (luiekly  when  taken  out  of  it. 

WluMi  eireumstaiHies  rendtu*  it  impossible  or  inconvenient  to  nse  water, 
the  brush  wiper  may  be  used  for  brushin<»'  out  the  resi(bium  left  in  the 
shell  by  the  eond)ustion  of  powder  and  fulminate. 

After  eleanino-,  examine  the  shell  to  ascertain  if  it  shows  signs  of  rup- 
ture. These  may  generally  be  seen  either  at  the  head,  the  mouth,  or  a.s 
transverse  or  longitudinal  marks  on  the  body.    Reject  all  suck  shells. 

The  shell  is  next  forced  into  the  die  for  resizing,  using  the  mallet  if 
necessary,  striking  fairly  and  stptarely  on  the  head  of  the  shell,  so  as  to 
avoid  bending  or  distorting  its  flange. 

The  ontside  of  the  shell  or  inside  of  the  die  should  be  oiled  to  facilitate 
the  entrance  of  the  shell  ami  prevent  abrasion.  1 1  is  driven  out  by  means 
of  the  pnnch  inserted  in  the  die  and  shell. 

This  last  oi)eration  is  likely  to  cause  a  bur  on  the  mouth  of  the  shell, 
which  would  deface  the  bullet  if  not  removed. 

For  this  purpose  the  scraper  is  su})i)lied.  Insert  it  about  0''.5  into  the 
shell,  held  in  left  hand,  scraper  in  right ;  give  the  shell  and  scraper  a  half- 
turn  in  oi)posite  directions,  bearing  with  the  scraper  only  hard  enough 
to  take  oil*  the  bur. 

The  handle  of  scraper  and  axis  of  shell  should  be  kei)t  nearly  i)arallel 
to  each  other  to  avoid  thinning  the  mouth  of  the  shell. 

xVlthongh  the  shell  may  be  tired  several  times  without  resizing,  this 
operation  is  considered  v/ccmar//  after  each  ro/ni^/,  otherwise  the  shell 
will  be  unduly  exi)anded  by  snccessi\'e  rounds  and  eventually  fail  to 
enter  the  gun-chamber ;  lifter  which  the  extra  force  required  to  resize  it 
might  prove  injurious  to  the  metal. 

The  shell  is  next  inserted  in  the  loading  die,  the  i^rimer  entered  into 
the  pocket  and  the  safety-socket  placed  over  it,  large  end  down ;  the 
primer  may  then  be  driven  home  with  the  primer-punch  and  mallet. 

Considerable  loss  of  primers  by  premature  explosion  in  this  operation 
has  occurred,  and  a  tool  is  supplied  tor  setting  primers  by  pressure, 
which  is  used  as  follows : 

The  shell  is  placed  in  the  tool  for  inserting  primers — the  primer  hav- 
ing been  previously  just  entered  in  the  pocket — and  the  primer  pressed 
home  by  means  of  the  lever  and  screw. 

The  end  of  the  screw  is  so  formed  as  to  insure  tke  primer  being  below 
the  surface  of  the  head  at  least  O'^OOo. 

It  should  be  slightly  lubricated  to  avoid  wear  of  the  projection  on  the 
end  and  abrasion  of  the  primer. 

The  "  Bridgeport"  tool  may  also  be  used  to  set  the  primers  of  all 
shells  but  the  "  Lowell,"  which  has,  intentionally,  a  i)rimer  to  ht  the 
pocket  tightly,  and  requires  considerable  force  for  it  xuoper  insertion. 

The  screw  tool  will  set  the  "  Frankford  Arsenal,"  ''Berdan,"  "  Lowell," 
and    Winchester"  x^rimers  equally  well. 

Never  attempt  to  prime  a  loaded  shell. 

The  shell  is  now  ready  for  reloading. 

It  is  inserted  in  the  loaded  die,  the  latter  into  the  safety-socket,  and 
the  i^owder-funnel  into  the  mouth  of  the  die. 

A  level  measureful  of  powder  is  then  poured  into  the  shell  through  the 
funnel,  after  which  the  bullet  is  inserted  and  driven  home  with  the 
punch  and  mallet  until  the  shoulder  of  the  punch  touches  the  end  of 
the  die. 

This  insures  proper  and  uniform  length  of  cartridge. 
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Tbe  wooden  drift  is  used  to  drive  the  loaded  cartridge  out  of  tlu;  die. 

The  reloading  die  may  be  used  as  a  gauge  for  determining  whether 
cartridges  are  of  the  proi)er  dimensions  for  entering  the  chambers  of 
guns.  As  a  rule,  any  cartridge  that  will  enter  the  i  eloading  die  will  enter 
the  chamber  of  the  gun  freely.  It  is  in  fact  a  combined  reloading  die 
and  gauge  for  (partridges.  To  use  it  as  a  gauge  insert  the  i)unch  in  the 
small  end  and  the  cartridge  in  the  opposite  end.  If  the  cartridge  en- 
ters fully  witliout  mo\  ing-  the  ])unch,  it  is  of  proper  length  and  diameter. 

When  shells  are  reloaded  for  immediate  use  they  may  be  hred  after 
the  foregoing  operation.  But  if  loaded  for  storage  lor  any  length  of 
time,  the  crimping  die  should  be  used  to  secure  the  bullet  in  position. 

To  i)erform  this  operation,  insert  the  loaded  cartridge  into  the  die, 
then  set  the  head  in  the  recess  of  the  safety -socket,  tlie  latter  resting  on 
a  bench  or  table,  and  drive  the  cartridge  in  with  the  blows  of  the  mal- 
let on  top  of  the  die. 

The  safety-socket  has  a  central  hole  concentiic  with  the  counter-bore. 

In  extracting-  the  primers  it  sui)ports  the  head  of  the  case  and  forms 
a  receptack^  lor  exploded  primers.  It  also  su])ports  the  head  of  the 
shell  on  opposite  ends  in  the  operations  of  loading  and  ciinijung,  and 
the  central  hole  i)rotects  the  primer  from  severe  shocks  in  driving  home 
the  bullet,  and  it  also  guides  the  ])unch  in  setting  the  i)rimers. 

The  wiping-rod  serves  to  clean  out  the  bore  of  the  dies,  &c.,  by  means 
of  cotton  waste  or  a  rag  drawn  through  the  slot  in  its  end. 

Particular  care  should  be  taken  to  free  the  exterior  of  the  shell  from 
grit  or  dirt  before  resizing,  to  i)rotect  the  die  and  shell  from  scratches ; 
also,  that  neither  water  nor  oil  gets  into  tlie  case  or  primer,  as  either 
will  injure  or  destroy  the  jmwder  or  fulminate. 

Xo  excess  of  oil  should  be  left  in  tiie  chanjlx^.r  of  the  gun  or  on  the 
cartridge,  as  it  would  tend  to  rupture  tlie  case  in  tiring  and  temporarily 
disable  the  gun. 

A  slight  amount  of  lubricant  on  the  cartridge  or  chamber  throughout 
their  length  saems  to  prolong  the  life  of  reloaded  shells. 

The  tendency  of  the  shells  to  tear  apart  appears  to  be  due  to  their 
uiie(]ual  ex})aiision  in  the  chamber;  the  front  end  being  thin  is  more 
quickly  exp  nided,  and  in  the  absence  of  the  lubricant  is  held  by  pres- 
sure and  fri(;t!on  against  the  walls  of  the  chamber,  while  the  thick  rear 
-end  of  the  shell  is  forced  backward  by  the  pressure  of  the  gases. 

As  a  rule  sufticieiit  lubricant  from  the  bullet  tinds  its  wa^'  into  the 
chamber  to  answer  all  puri)oses. 

These  tools  are  made  as  sim})le  and  strong  as  possible.  Some  of  them, 
particularly  the  dies  and  i)uiiches,  require  to  be  used  with  great  care,  so  as 
not  to  injure  their  surfaces  or  alter  their  dimensions,  where  such  would 
affect  the  cartridge. 

They  are  cheap,  durable,  and  quite  rai)id  in  operation  if  the  work  be 
■divided  among  several  operators  or  i)e  done  by  one  person  performing 
each  operation  separately  on  a  number  of  shells. 

In  case  tools  are  broken  or  disabled  they  should  be  sent  to  the  Frank- 
ford  Arsenal,  Philadelphia,  so  that  perfect  ones  may  be  issued  to  re[)lace 
them. 


PLATE  I. 


APPENDIX  2,-). 


EXTREME  RANGES  OF  MILITARY  SMALL  ARMS. 
(Four  i)lates.) 

National  Armory, 
Springfield^  Mass.,  May  17,  1879. 
To  the  Chief  of  Ordnance  U.  >S.  A..  Washinf/fon,  I).  C.  ; 

Sir:  Agreeably  to  your  iiistriietioiis  of  February  11,  1879,  I  have  the 
honor  to  submit  herewith  Captain  (Ireer's  report  of  liis  experiments  with 
the  Sprin<itiel(l  and  Martini-Henry  arms  and  their  ammunition. 

The  eomi)arison  relates  ])rincipally  to  the  firing  qualities  of  tlie  arms 
and  the  weight  of  ammunition  used  in  each. 

Tlie  experiments  show  that  the  recoil  of  the  Springheld  carbine  is  no 
greater  than  that  of  the  rifle,  both  firing  the  rifle  cartridge  of  70  grains 
of  powder.  As  this  result  has  been  repeatedly  obtained  I  liave  every 
confidence  in  its  correctness,  although  not  exactly  in  {iccordauce  with 
the  generally  received  opinion  in  the  Anny  on  this  subject. 

Attention  is  called  to  the  article  in  the"  Journal  of  the  Royal  United 
Service  Institution, referred  to  by  Captain  Greer,  as  it  contains  many 
interesting  facts  of  the  late  Turko-Russian  war,  showing  the  great  effect 
that  can  be  produced  by  small-arm  fire  at  a  distance  of  a  mile  and 
upwards. 

Captain  Greer's  report  shows  that  the  Springfield  rifle  with  its  light- 
weight ammunition  is  effective  to  a  distance  of  at  least  miles. 
Yerv  res])ectfullv,  your  obedient  servant, 

J.  G.  BENTON, 

Lieutenant- Colonel  of  Ordnance,  Commanding. 


National  Armory, 
Springfield,  Mass.,  May  9,  1879. 
Sir:  In  accordance  with  your  instructions  of  March  17,  1879,  I  have 
the  honor  to  submit  herewith  results  of  comparative  trials  of  the  Spring- 
Held  and  Martini-Henry  rifles,  cal.  ()".45. 

The  latter  arm  with  a  supply  of  ammunition — wrapped  metal  cart- 
ridges— was  recently  presented  by  the  British  Government,  and  is  a  type 
of  the  service-gun  in  its  latest  form. 

The  rifles  were  tested  in  comparison  for  initial  velocity,  recoil,  power — 
as  shown  by  i)enetration  in  white  i)ine — accuracy,  and  flatness  of  trajec- 
tory. In  regard  to  accuracy  it  will  l>e  seen  that  the  Springfield  did 
better  than  the  Martini  with  the  exception  of  one  of  the  targets  at 
1,000  yards.  A  strong  wind  blowing  when  that  target  was  made  had 
greater  effect  on  the  light-service  bullets  than  on  the  Martini  with  its 
75  grains  more  lead.  Tlie  other  target  was  made  in  calm  weather.  In 
all  the  other  points  the  superiority  of  the  Springfield  was  manifest  ex* 
ce])t  in  the  single  one  of  i)enetration  ;  but  as  tests  made  in  comparing 
it  with  the  Peabody- Martini  showed  that  it  gave  a  penetration  of  nearly 
two  inches  at  about  one  mile,  or  sufficient  to  disable,  if  not  to  kill,  a  man 
at  that  range  (see  Table  VII),  it  would  seem  hardly  necessary  to  increase 
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its  power  and  consequently  its  recoil,  especially  as  the  line  of  the  Army 
has  objected  to  any  increase  of  the  latter.  It  is  extremely  probable  that 
the  lesser  penetration  of  the  Springfield  is  due  to  the  grooves  on  the 
bullet,  which,  by  their  shoulders,  form  lines  of  resistance,  enabling  the 
wood  to  exert  a  greater  retarding  effect.  This  was  shown  in  comparing 
the  carbines  where  the  velocity  of  the  Springfield  bullet  was  1,320  feet 
and  that  of  the  Martini,  which  was  but  5  grains  heavier,  1,140  feet. 
The  slight  difference  in  weight  could  not  have  neutralized  the  difference 
in  velocity  by  giving  greater  penetration.  (See  Table  III,  tests  of  car- 
bines.) It  should  be  borne  in  mind,  however,  that  shooting  at  animate 
objects  is  not  usually  through  wood,  but  air.  The  objection  to  increas- 
ing the  power  of  the  arm  is  uot  wholly  confined  to  that  of  recoil.  The 
weight  of  the  ammunition  is  an  im|)ortant  consideration.  In  ^o. 
XCVIII,  volume  XXII,  Journal  of  the  Koyal  United  Service  Institu- 
tion, will  be  found  an  interesting  article  entitled  "  Lessons  from  the 
late  War,"  in  which  the  number  and  weight  of  cartridges  carried,  long- 
range  firing,  and  the  method  of  aiming  is  discussed.  In  this  article  it 
is  stated  that  the  Turks  fired  with  effect  at  2,500  yards,  and  that  they 
carried  from  100  to  150  cartridges  in  belts  and  in  pockets  on  the  breasts 
of  their  coats.  One  hundred  nmnds  of  Martini  rifle  cartridges  weigh 
nearly  two  pounds  and  two  ounces  more  than  the  same  number  of  United 
States  service  cartridges.  This  additional  weight  is  highly  objectiona- 
ble unless  necessary,  and  all  experience  ])lainly  indicates  that  it  is  not. 
If,  however,  an  increase  in  power  is  considered  desirable,  it  will  be  seen 
by  the  closing  tables  of  this  rei)ort  that  it  may  be  readily  made  by  sim- 
l)ly  increasing  the  charge  of  powder  without  the  necessity  of  enlarging 
the  chamber  for  a  longer  shell,  although  the  latter  would  be  i^referable, 
as  the  pressure  on  the  bore  would  be  diminished. 

With  the  85-grain  charge  of  powder,  the  weight  of  the  bullet  remain- 
ing the  same,  the  high  velocity  obtained,  1 ,480.5  feet,  gives  a  much  flatter 
trajectory  with  largely  increased  dangerous  space. 

Your  instructions  also  contemplated  a  comparison  of  the  Springfield 
and  Martini-Henry  carbines,  the  latter,  with  its  ammunition,  having 
been  presented  by  the  British  Government  at  the  same  time  as  the  rifle. 

The  remarks  already  made  in  regard  to  the  rifles  seem  to  apply  equally 
well  to  the  carbines.  If  the  Springfield  with  its  regular  cartridge  con- 
taining but  55  grains  of  powder  is  not  so  ])owerful  an  arm  as  the  Mar- 
tini, it  is  only  necessary  to  refer  to  the  fact  that  the  Ordnance  Depart- 
ment is  on  record  as  being  in  favor  of  abolishing  that  cartidge  entirely 
and  using  the  rifle  cartridge  with  its  70  grains  of  powder  instead. 

In  truth,  this  question  was  submitted  to  the  troops  serving  in  the  ex- 
treme western  departments,  and  the  decision  was,  by  a  large  majority, 
against  it,  on  the  ground  of  too  great  recoil  with  the  heavier  cartridge. 

Examination  of  the  tables,  however,  shows  that  the  recoil  is  no 
greater  than  with  the  Martini.  If,  then,  the  English  and  Turkish  soldiers 
can  endure  it  ours  should  do  so  as  well.  'As  a  matter  of  fact,  the  recoil  of 
the  carbine  ivith  the  rifle  cartridge  is  no  greater  than  the  recoil  of  the  rifle 
with  the  same  cartridge.  This  was  shown  by  the  dynamometer  reading, 
a  mean  of  five  shots  being  taken.  Being  so  contrary  to  generally  ac- 
cepted opinions,  the  trial  was  repeated  with  precisely  the  same  result. 
(See  Table  VII,  tests  of  carbines.)  The  explanation  undoubtedly  is,  that 
though  the  carbine  is  1  lb.  and  6  ozs.  lighter  than  the  rifle,  the  velocity 
obtained  with  it  is  much  less  than  with  the  longer  barrel,  and  the  recoil 
is  dependent  both  on  the  weight  and  velocity  of  the  bullet  as  well  as 
the  weight  of  the  arm,  the  quantity  of  motion  of  the  gun  being  equal 
to  that  of  the  projectile. 


KKPORT  OF  TMK  CIIIKF  OF  ORDNANCE. 


427 


Tliore  seoiMs  to  bo  no  ^ood  rcsisou  wliy  tlio  cavjilry  should  not  endure 
as  j»Teat  a  recoil  as  the  inlantry. 

The  weights  of  the  arms  used  are  as  follows : 

lbs.  ozs. 


Springfield  ritio   1)  2 

Bayonet  and  scabbard   1  2 

Total   10  4 

Martini  Henry  riile   8  V.\ 

Bayonet  and  scabbard   1  7 

Total   10  4 

Sprin»;field  carbine  ,   7  12 

Martini-Henry  carbine   7  7 


The  barrel  of  the  Martini-Uenry  rifle  is  1.25  inch  longer  than  that  of 
the  Springfield,  and  of  the  carbine  0.75  inch  shorter  than  the  Springfield. 

The  only  nov^elty  observed  on  the  Martini  is  a  brass  cap  for  the  pro- 
tection of  the  front  sight.  The  rear  sight  is  protected  by  a  leather  strap 
buttoned  over  it. 

The  carbine  barrel  is  stocked  its  whole  length  and  lias  a  full-length 
ramrod. 

Appended  will  be  found  a,  table  containing  data  relating  to  the  small- 
arms  of  the  leading  nations  of  the  world. 

Very  respectfully,  your  obedient  servant, 

JOHN  E.  GREEE, 
Captain  of  Ordnance^  U.  8.  A. 
To  the  CoMMANDiNa  Officer,  National  Armory. 


liesulis  of  tests  with  rifle. 
I.— VELOCITIES. 


Rifles. 

Weight  of 
powder. 

Weight  of 
bail. 

Number  of 
shot. 

Velocit 

L  e  Boulenge 
chronograph. 

les  by — 

Benton  electro- 
ballistic. 

70  grain.s. 

V 

40.5  grains. 

1 

2 
3 
4 
5 

1371.0  feet. 

1373.0  feet. 

1367.1  feet. 
1358:3  feet. 
1366.1  feet. 

1375.1  feet. 
1381.1  feet. 

1372.0  feet. 

1362.1  feet. 
1372.1  feet. 

Mean. 

1367.1  feet. 

1372.4  feet. 

Mean  by  both 
machines. 

1369.  7  feet. 

Martini-Henry  

85  grains. 

480  grains. 

1 
2 
3 
4 
5 

• 

1261.2  feet. 
1237.7  feet. 
12.50.5  feet. 
1240.7  feet. 

1258.3  feet. 

1262.0  feet. 
1247.9  feet. 
1252.9  feet. 
1258.0  feet. 
1258.0  feet. 

Mean. 

1249.7  feet. 

1255.8  feet. 

Mean  by  both 
machines. 

1252.  8  feet. 
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Results  of  tests  with  rifles — Continued. 
II.— RECOIL. 


Rifle. 

Weight  of 
powder. 

Weiglitof 
bail. 

Number  o  f 
sliot. 

Recoil. 

70  grains. 

405  grains. 

1 

2 

4 

5 

Mean. 

9.  5  foot-pouuds. 
10  foot-pounds. 
10  foot-pounds. 
10  foot-pounds. 
10  foot-pounds. 

9.  9  foot-pounds. 

Martini-Henry  

85  grains. 

480  grains. 

1 
2 
3 
4 

5 

13  foot-pounds. 
12.5  foot-pounds. 
12.  75  foot-pounds. 
12.  5  foot  pounds. 
13  foot-pounds. 

Mean. 

12.  75  foot-pounds. 

nr.— PENETRATION. 


\Yeight  of 
powder. 

"Weight  of 
ball. 

Number  of 
shot. 

100-yards  range. 

300-yards  range. 

Rifle. 

Inches  in  white 
pine. 

Inches  in  white 
pine. 

Springfield  

70  grains. 

405  grains. 

1 
2 
3 
4 

5 

11.5 

11.75 

11.25 

11.50 

12 

10.5 
11 

10.  25 

11 

11 

Mean. 

11".  6 

14.  25 
14.  25 

14.  25 

15.  25 
15.  25 

10.  75 

Martini-Henry  

85  grains. 

480  grains. 

1 

1 

4 

5 

14.  25 

15 

14 

14 

14 

Mean. 

14.  65                    14.  25 

IV.— ACCURACY. 


1,000  yards. 

300  yards. 

500  yard 

s. 

First  targ 

et* 

Second  target. 

Rifles. 

1 
a  . 

.2§ 

vertical 
ition. 

absolute 
Ition. 

1. 
.2.2 

vertical 
Ition. 

absolute 
Ition. 

1 
p  . 

.2.1 

vertical 
ttion. 

ibsolute 
ition. 

0  . 

o  a 

.2.2 

vertical 
Ition. 

S 

g 

IE  O 

> 

1-2 
-  > 

|.1 

a  % 

a  <B 

O  C3 

Is 

a  % 

a  ^ 

(S 

I-* 

In. 

In 

In. 

In.- 

In. 

n. 



In. 

In. 

In. 

In. 

In. 

In. 

Springfield  

2.  36 

2.  64 

3.  54 

6.3 

5.6 

8.42 

14.8 

27 

30.8 

9.  23 

16.8 

19.1 

Martini-Henry  

3.  08 

2.8 

4.  16 

11.6 

6.  1 

13717 

18.7 

1G.9 

25.2 

10.9 

14.  55 

18.2 

Targets  of  10  shots  each.  Shoulder 
and  muzzle  rest. 

Targets  of  20  shots 

each. 

*  strong  and  variable  wind. 
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HcshIIs  of  tents  iritli  rijlcs — Coiitiiuiod. 
I  v.— ACC  irRA( ;  Y— ( 'out  in  iicd. 
(As  rt'coided  by  Crt'ediiioor  system.) 


llirte. 

;}0()  yards. 

;-00  yards. 

1,000  yards. 
First  target.*  |  Second  target. 

Possible  50. 

Possible  50. 

Possible  100. 

Possible  100. 

Martini-Henry  

47 
40 

48 

51 
5() 

7!) 

68 

Shoulder  aud  muzzle  rest. 

'  strong  and  variable  wind, 
v.— VELCKJITIES. 


& 

o 
p. 

Kifle. 

o 

o 

X 

x 

,2 

J3 

ce 

"5 

We 

Mu 

o 

o 
o 

3^ 

0  s. 

Grs. 

Feet. 

Feet. 

Feet. 

Springfield  

85 

405 

1480.  5 

1265.  8 

1105.5 

Springfield  

70 

405 

1350 

1171.3 

1034.  3 

Martini-Henry  

85 

480 

1252.  8 

1120.3 

1013. 1 

V'elocitie.s. 


oi 
V 

OS 

00 

cS 

1 

o 
o 

o 
o 

O 
O 

lO 

o 
§ 

o 

o 

00 

Feet 

Feet. 

Feet. 

Feet. 

Feet. 

Feet. 

982.  4 

8^2. 1 

801. 1 

733.  9 

676.9 

628.2 

926.  2 

838.  4 

765.8 

704.8 

652.8 

607.  9 

924.  4 

850.4 

787.2 

732.7 

685.3 

643.  7 

Velocities. 


Rifle. 

900  yards. 

1000  yards. 

1100  yards. 

05 
O 

o 
o 

>-. 
o 
o 

:  1400  yards. 

i. 

ISOOyafds.  j 

eS 
>i 
o 
o 

!0 

1760  yards. 

1800  yards. 

1900  yards. 

05 
O 

ex. 

Feet. 

Feet. 

Feet. 

Feet. 

Feet. 

Feet. 

Feet. 

Feet. 

Feet. 

Feet. 

Feet,  i  Feet. 

Springfield  

586. 1 

549.2 

516.7 

487.8 

462. 1 

438.8 

417.  7 

398.7 

381.  3 

365.3 

350.7 

337.2 

Springfield  

568.9 

534.  5 

504. 1 

476.8 

453.  6 

430.  5 

410.5 

392.  3 

375.  7 

360.  4 

346.3 

333.2 

Mantini-Henry  

606.8 

573.9 

544.5 

517.8 

493.7 

471.7 

451.6 

433.  1 

416.  1 

400.4 

385.8 

372.2 

VI.— ANGLES  OF  ELEVATION. 


Rifle. 

Weight  of  powder. 

Angles  of  elevation. 

"o 
"S 

100  yards. 

200  yards. 

CO 

'P 
o 

;  400  yards. 

i 

1 

500  yards. 

600  yards. 

700  yards. 

Grs. 

Grs.  1 

0    /  // 

0    /  // 

0 

0     /  /' 

0     /  /' 

0    /  '/ 

0 

Springfield  

85 

405 

9    9  29.2 

0  19  50.  5 

0  32  48.  7 

0  47  31.  5 

1    3  42.  5 

1  21    9.  1 

1 

39  44.  2 

Springfield  

70 

405 

0  10  25.  9 

0  23  53 

0 

38  24.  7 

0  55  24.  1 

1  14  4.7 

1  34  14.5 

1 

55  43.  1 

Martini-Henry. . 

85 

480    0  11  47.  2 

0  25  50.  5 

0 

41  58.  8 

0  59  58.  7 

1  19  41.1 

1  40  56.  5 

2 

3  14.  5 
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Besults  of  tests  ivith  ri/^e.s-— Continued. 
VI.— ANGLES  OF  ELEVATION— Continued. 


Rifle. 


Springfield  ... 
Spriniitield  ... 
Martini- Henry 


Angles  of  elevation. 


800  yards. 
900  yards. 

1000  yards. 

1100  yards. 

1200  yards. 

1300  yards. 

1400  yards. 

1500  yards. 

O     1      II      i    0     /  // 

0    /  // 

O     /  /' 

O      '  /' 

0    /  // 

0    /  // 

0      /  " 

1  59  18.5  2  19  42.9 

2  40  53 

3   2  45.  6 

3  25  14.  6 

3  48  11 

4   9    5. 4 

4  35  33.  6 

2  18  23.5  2  4-2  1.7 

3    6  37.  5 

3  31  58 

3  5-!    8.  5 

4  24  34 

4  52  12.  4  5  20    4.  5 

2  27  30. 1  2  52  29.  8 

3  18  35.  8 

3  45  35.  4 

4  13  27. 1 

4  42   6.  6 

5  11  27.6  5  41  23.7 

Angles  computed  in  the  following  manner,*  the  initial  velocity  V  having  been  iustrumentally  deter- 
mined : 

Remaining  velocity  at  any  point  =  V'  =     ^^j,  ^ 

V  4-  V' 

Mean  velocity  throughout  a  given  range,  x.  =  V"  =  ^ 


Time  of  flight  of  bullet  throughout  a  given  range,  x  =t  =  y„ 

Space  fallen  through  by  bullet  in  time  t,  due  to  gravity  =  S  =      -—  2 

_  S  _  gx 


Tangent  of  angle  of  elevation  A. 


2V' 


Log  tan  A  =  log      +  log  X  +  log  R  -  2  log  V"  =  log  16.  08  +  log  X  +  10—2  log  V"  =11.  206286  +  log 

X-2log  V". 
R  =  radius  of  logarithmic  tables. 

C     ^  in  which  b  varies  from  .000063  to  .000060  for  velocities  of  from  1500  to  1050  feet. 

w 

r  —  radius  of  projectile  in  feet,  and 
w  —  weight  of  projectile  in  pounds. 

VIL— VELOCITIES  AND  PENETRATIONS. 

(For  determining  probable  power  of  Springfield  rifle  at  2.500  yards.) 


Rifle. 


Springfield  .. 


Springfield  .. 


Springfield  .. 


Weight  of 
powder. 


grains. 


10  grains. 


70  grains  


Weight  of 
ball. 


Range. 


405  grains. .. 


405  grains. . . 


405  grains. . 


12|  feet 


121  feet 


C  1,670  yds. 


500  yds 


No.  of  shot 


Velocities  at  12J 
feet  from  muz- 
zle by  Le  Bou- 
leiige  chrono- 
graph. 


278.  2  feet 
299.  8  feet 
2-<2.  I  feet. 

Lost  

273.  1  feet. 


283.  3  feet. 


Mean. 


436.  7  feet 
378.  7  feet 
403  feet 
423  feet 
420.  7  feet 


412.  4  feet. 


1 380.  7  feet 
t280  feet 


Penetrations 
in  white 
pine. 


I  inch. 
1  inch. 
1  inch. 
1  inch. 
1  inch. 


1  inch. 


2. 25  inches. 

1.  4  inches. 
2  inches. 
2. 25  inches. 

2.  25  inches. 


2.  04  inches. 


:  1.  87  inches. 
>  1  inch. 


*  Approximately  correct  only,  feet  very  closely  so  for  ranges  up  to  1,000  yards. 

rtC<>m()lltAMl. 

+  Actual  penetration  ;  mean  of  several  shots. 

§  Probable  penetration,  as  aeen  by  comparing  velocity  with  that  obtained  with  9  grains  of  powder. 
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VIII.— VELOCITIES  AND  KNEKGIKS— AT  MUZZLE. 


Kitlo. 

Weight  of 
powder. 

Weight  of 
balL 

No.  of  shot. 

Velocities  at  muzzle  by— 

Energies  at 
muzzle. 

Le  Bouleng6 
chronograph. 

Benton  elec- 
tro-balliHtic. 

85  i^rains*. 

405  grainst 

J 

\ 

1,  490.  6  feet 
1,  4.58.  '2  feet 
1,  478.  8  feet 
I,  48:5.  7  feet 
1,  483.  7  feet 

1,  492.  7  feet 
1,  471.  7  feet 
Lost. 

1,  478.  7  feet 
1, 486  feet 

1,  971.  7  ft.-lbs. 

Mean. 

1,  479  feet 

1,  482.  3  feet 

Mean  by  both 
machines. 

1,  480.  5  feet 

Martini-Henry. . 

85  grains.. 

480  grains. 

1 

a 

4 

5 

1,261.2  feet 
1,237.  7  feet 
1,  2.i0.  5  feet 
1,  240.  7  feet 
1,  258.  3  feet 

1, 262  feet 
1,  247.  9  feet 
1,  2.=.2.  9  feet 
1,258  feet 
1,258  feet 

1,673.3  ft.-lbs. 

Mean. 

1, 249.  7  feet 

1,255.8  feet 

Mean  by  both 
machines. 

1,  252.  8  feet 

AT  300  YARDS. 


-p.fl^           Weight  of 
-^^fl®-  powder. 

Weight  of 
ball. 

Velocities,  t 

Energies. 

No.  of  shot. 

Penetration  in 
white  pine. 

Springfield  

85  grains*  . 

405  grainsK 

982.  4  feet. 

868.  1  foot-pounds. 

1 
2 
3 
4 
5 

Mean. 

12.  25  inches. 
12  iuches. 

11.  75  inches. 
12  iuches. 

12.  25  inches. 

12.  05  inches. 

Martini -Henry. 

85  grains. . 

480  grains - 

924.  4  feet. 

911  foot-pounds. 

1 

2 
3 
4 
5 

Mean. 

14.  25  inches. 
15  inches. 
14  inches. 
14  iuches. 
14  inches. 

14.  25  inches. 

♦Hazard  service  musket,  sifted  to  exclude  grains  larger  than  0".0475. 
t  One-twelfth  tin,  instead  of      as  in  service. 
+  Velocities  computed  by  formula— 

,  (See  '*'  Text  Book  on  Construction  and  Manufacture  of  Rifled  Ordnance,"  and  works 

\-\-cVx   of  Professor  Bashforth),  in  which 
17'=  remaining  velocity ;  , 
■r=  initial  velocity ; 
X  —  ranges  300  yards  =  900  feet. 
&r2 


0.225  ^  ^ 
r  —  ,o  feet. 


W 
12 


in  which  h  —  .0000006286  and  .00006134  for  Springfield  and  Martini  respectively. 


W  —  pounds,  and„^^-„  pounds. 
^  —  7000  ^  7000 
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Results  of  tests  with  carbines. 
r.— VELOCITIES. 


Carbine. 

VV  CI^U  t  \JL 

powder. 

"Will  <r Tit  l\f 
VV          lit  Ul. 

ball. 

Velocit 

es  by — 

Xo.  of  shot. 

Le  Bouleng6 
chronograph. 

Benton  electro 
ballistic. 

Sprino;field  

.   55  srains  . 

405  grains. 

1 

2 

4 
5 

I,  1-25.  5  feet. 
1,  147.  I  feet 
1,  133.  9  feet. 
1,  116. -2  feet. 
1, 119  2  feet. 

1.  132.  1  feet. 
I,  150  feet. 
1,  137.2  feet. 
1,  120.5  feet. 
I,  121.  5  feet. 

Mean. 

1, 128.  4  feet. 

1,  132.  2  feet. 

Mean  by  both 
machines. 

1,  i;i0.3  feet. 

Springe  eld  

.   70  uraiu.s. . 

405  fTvaios. 

1 

1,  325.  9  feet. 
1,314.2  feet. 
1,313.2  feet. 
1.314.  2  feet. 
1,316.  1  feet. 

1,330.9  feet. 
1,319  feet. 
1,318.5  feet. 
1,  3-22.  4  feet. 
1,319.5  fVet. 

2 
3 
4 

5 

Mean. 

1,  316.  7  feet. 

1,  332. 1  feet. 

Mean  by  both 
machines. 

1,  319.  4  feet. 

Martini-Henry  

.   70  "Tains.. 

410  jjrains. 

1 

3 
4 
5 

1,  143.  7  feet. 
1,  138.  3  feet. 
1,  13!.ri  feet. 
1,  131.  9  feet. 
I,  146.  I  feet. 

1,  148.2  feet. 
1,  130.  4  feet. 
1,  138.9  feet. 
1, 135.  2  feet. 
1, 1.50  feet. 

Mean 

I,  138.  9  feet. 

1,  142.3  feet. 

Mean  by  both 
machines. 

^1,  140.  6  feet. 

*The  low  velocity  of  the  Martini,  as  compared  with  the  Springfield  using  the  same  charge,  is  due  to 
ts  larger  shell,  the  powder  undergoing  no  compression  whatevei',  70  grains  occupying  the  same  space 
as  85  grains  in  the  rifle  cartridge,  while  in  the  Springfield  rifle  cartridge  the  powder  undergoes  a  com- 
pression of  from  three  to  four-tenths  of  an  inch  in  the  length  of  the  shell. 


II.— IIECOIL. 


Carbine. 

"Weight  of      Weight  of 
powder.  ball. 

Number  of 
shot. 

Kecoil. 

Springfield   

< 

55  grains. 

405  grains . 

1 

2 
3 
4 
5 

7.  5  foot-pounds. 
7.  5  foot-pounds. 
7.  5  foot-pounds. 
7.  5  foot-pounds. 
7. 5  foot-pounds. 

Mean. 

7-  5  foot-pounds. 

• 

70  grains. 

405  grains. 

1 

2 
3 
4 
5 

10  foot-pounds. 
10  foot-pounds. 
10  foot-pounds. 
9.  5  foot-pounds. 
10  foot-pounds. 

Mean. 

9.  9  foot-pounds. 

70  grains.  • 

410  grains. 

1 

2 
3 
4 

5 

10  foot-ponuds. 
10  foot-pounds. 
10  foot-pounds. 
9.  5  foot-pounds. 
10  footpounds. 

Mean. 

9.  9  foot-pounds. 
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liCnuKi'i  of  tests  with  carbines — Continued. 
III.-PENETRATION. 


Carbine. 

• 

Weiffht  of 
powder. 

AVoight  of 
ball. 

Xumbor  of 
sbot. 

100  yards  range. 

.'iOO  yards  range. 

Inches  in  white 
pine. 

Inches  in  white 
pine. 

Springfield  

55  grains. 

405  grains. 

1 

:i 

4 

5 

11.5 
10.  5 
10.  25 
10.5 
11 

8.25 
9.  25 
8.5 
9 
9 

Mean. 

10.  75 

8.8 

• 

70  grains. 

405  grains. 

1 

o 

:i 

4 

5 

11.  75 
11.5 

12.5 

12.  25 
12 

9.  75 
9.  25 

9.  25 
10 
9 

Mean. 

12 

9.  45 

Martini-Henry  

70  grains. 

410  grains. 

1 
2 
3 
4 
5 

11.  75 
11.25 
12 

12.  25 

10.  25 

10 

10.  25 
10.  25 
10.  25 

Mean. 

11.  85 

10.2 

IV.— ACCURACY. 


Carbine. 

Weight  of 
powder. 

Weight  of 
ball. 

100  yards. 

300  yards. 

Mean  horizontal 
deviation. 

Mean  vertical 
deviation. 

Mean  absolute 
deviation. 

Mean  horizontal 
deviation. 

Mean  vertical 
deviation. 

Mean  absolute 
deviation.  j 

Inches. 

Inches. 

Inches. 

Inches. 

in.,.. 

Inches. 

55  grains. 

405  grains. 

.  1.28 

1.  44 

1.  93 

1.  92 

3.1 

3.64 

70  grains. 

405  grains. 

0.7 

1.  28 

1.  45 

3.3 

3.1 

4.52 

70  grains. 

410  grains. 

1.0 

1.08 

1.  47 

4.  72 

2. 12 

5. 18 

Targets,  10  shots  each.  Shoulder  and  muzzle  rest. 


Carbine. 

Weight  of 
powder. 

Weight  of 
ball. 

500  yards. 

800  yards. 

{  Mean  horizontal 
1  deviation. 

Mean  vertical 
deviation. 

Mean  absolute 
deviation. 

j  Mean  horizontal 
j  deviation. 

Mean  vertical 
deviation. 

Mean  absolute 
deviation. 

Inches. 

Inches. 

Inches. 

Inches. 

Inches. 

Inches. 

.55  grains. 

405  grains. 

6.2 

5.  92 

8.57 

11.  04 

19.4 

22.3 

vSpringfield  

70  grains. 

405  grains. 

5.  62 

2.76 

6.26 

9.28 

23.4 

25.1 

Martini-Henry  

70  grains. 

410  grains. 

5 

7.  92 

9.  ;i6 

10.3 

14. 32 

17.7 

Targets,  10  shots  each.  Shoulder  and  muzzle  rest. 

28  ORD 
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jResults  of  tests  tvith  carbines — Coutiuucd. 
IV.— ACCURACY— Continued. 


(As  recorded  by  Creedmoor  system.) 


Carbine. 

Weight  of 
powder. 

Weight  of 
ball. 

100  yards. 

300  yards. 

500  yards. 

800  yards. 

Possible  50. 

Possible  50. 

Possible  5*. 

Possible  50. 

55  grains. 
70  grains. 
70  grains. 

405  grains. 
405  grains. 
410  grains. 

50 
50 
43 

45 
44 
41 

47 
48 
47 

37 
39 
31 

Targets,  10  shots  each.  Shoulder  and  muzzle  rest, 

v.— VELOCITIES. 


iwder. 

Velocities. 

o 

Carbine. 

CO 

4 

03 

i 

.2 

c3 

.  Z 

a 

k-. 

o 

o 

*  o 

o 

o 

_J_ 

o 

o 
ot 

eo 

o 

Ors. 

Grs. 

Feet. 

Feet. 

Feet. 

Feet. 

Feet. 

55 

405 

1, 130.  3 

1,005 

904.7 

822.  6 

754.2 

Springfield  

70 

405 

1,320 

1, 149.1 

1,  017.  4 

912.8 

827.7 

70 

410 

1, 140.  6 

1,  014.  3 

913.3 

830.5 

761.  5 

Velocities. 

Carbine. 

OS 

03 

fl 

cS 

e8 

>i 

o 

o 

o 

O 

o 

§ 

o 

o 
o_ 

in 

§ 

o 
t- 

CO 

o 

Feet. 

Feet. 

Feet. 

Feet. 

Feet. 

Feet.'* 

696.  2 

646.5 

603.5 

565.8 

532.  5 

503 

757.1 

697.6 

646.8 

602.  9 

564.5 

530.  7 

703.1 

653 

609.5 

571.5 

538 

508. 1 

VI.— ANGLES  OF  ELEVATION. 


Carbine. 

Weight  of  powder,  j 

Weight  of  ball. 

■ 

Angles  of  elevation. 

O 

o 

T-l 

00 

a 

>3 

o 
o 

00 

'C 
u 

cS 

. 

0 
0 
n 

OC 

0 

0 
'if 

Grs. 

55 
70 
70 

Grs. 
405 
405 
410 

0°  14'  33".  5 
0°  10'  53".  2 
0°  14'  17".  4 

0°  32'  2" 
0°  24'  17".  1 
0°  31'  26".  9 

0°  52'  11".  5 
0°  39'  55" 
0°  51'  13".  4 

10  u'  41".  8 
0°  57'  31" 
1°  13'  20".  2 

Carbine. 

Angles  of  elevation. 

as 

S-i 

cS 

s 

in 

<£ 

a 
>» 

o 
o 

«o 

1 

o 
o 
i- 

» 

o 

o 

00 

ITS 

0 
0 

1,000  yards. 

Springfield  

Martini-Henry  . . 

10  39'  24".  2 
1°  16'  51".  3 
1°  37'  32",  2 

2°   5' 59".  2 
1°  37'  43".  8 
2°  3' 40" 

2°  34'  19".  8 
10  59'  59".  7 
2°  31'  31".  5 

30  4' 16".  4 
20  23'  27".  2 
30  0'53".5 

30  3.5'  35".  4 
2°  47'  59".  6 
30  31'  36".  8 

40  8'  8".  5 
30  13'  29".  1 
40  3' 39".  6 
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JiOiiilta  of  icslii  with  carbines — Coiiiiniiod. 


VII.-KECOIL.* 


No.  of  shot. 

Springfield  rifle. 

Springfield  carbine. 

Martini-Henry  car- 
bine. 

Bifle  cartridges. 

1 

o 

[\ 

4 

5 

9.  5  foot-pounds. 
10  foot-pouuds. 
10  foot-pounds. 
10  foot-pounds. 
10  foot-pounds. 

10  foot-pounds. 
10  foot-pounds. 
10  foot-])ounds. 
9.  5  foot-pounds. 
10  foot-pounds. 

10  foot-pounds. 
10  foot-pounds. 
10  foot-pounds. 
9.  5  foot-pounds. 
10  foot-pounds. 

First  trial,  April  10, 
1879. 

9. 9  foot-pounds. 

9.  9  foot-pounds. 

9.  9  foot-pounds. 

2 
3 
4 

5 

9.  75  foot-pounds. 

9.  75  foot  pounds. 
10  foot-pounds. 
10  foot-pouuda. 

7.  5  foot-pounds. 

9  foot-pounds. 

9.  5  foot-pounds. 
10  foot-pounds. 
10  footpounds. 
10  foot-pounds. 

Second  trial,  April 
26,  1879. 

9.  8  foot-pounds. 

9. 7  foot-pounds. 

*  For  comparing  Springfield  rifle  and  carbine  when  using  the  rifle  cartridge. 


Ou  page  30,  "Description,  etc.,  of  tlie  Springfield  Eifle  and  Carbine," 
the  recoil  of  the  rifle  is  given  as  174  pounds.  It  should  be  stated  that 
this  result  was  obtained  by  the  use  of  a  dynamometer  in  which  a  weighed 
spring  was  compressed  in  a  manner  similar  to  that  of  the  ordinary  spring- 
balance. 

Owing  to  the  slight  resistance  the  gun  experienced  during  the  first 
part  of  its  backward  motion  it  moved  with  a  considerable  velocity,  and 
compressed  the  spring  by  its  momentum  rather  than  by  a  simple  pres- 
sure due  to  weight.  In  order  to  overcome  this,  it  was  suggested  by  Cap- 
tain Prince,  Ordnance  Department,  that  the  spring  be  given  an  initial 
compression  of,  say,  50  pounds,  before  the  butt  of  the  gun  was  placed 
in  contact  with  it.  By  this  means  the  reading  was  at  once  reduced  to 
about  100  pounds.  But  as  the  method  of  measuring  statically  a  recoil 
which  was  dynamic  in  its  nature,  owing  to  the  motion  of  the  gun,  gave 
varying  results  for  the  same  charge,  due  to  variations  in  the  springs  em- 
ployed, it  was  proposed  by  Lieutenant  Metcalfe,  Ordnance  Department, 
to  express  the  worTc  of  recoil  in  foot-pounds,  a  method  which  eliminates 
the  error  before  referred  to,  and  this  method  has  been  adopted. 

The  results  now  obtained,  it  is  thought,  can  be  relied  on. 

DATA  RELATIN^G  TO  THE  SMALL- ARMS  OF  THE  LEADING  NATIOXS  OF  THE  WORLD 


Nation. 


Arm. 


Weight  of  rifle  without  bayonet  

Weight  of  rifle  with  bayonet  

Length  of  rifle  without  bayonet... 

Length  of  rifle  with  bayonet  

Caliber  across  the  lands  

Inclination  of  grooves   . . . 

Number  of  grooves  

Extreme  graduation  of  sight  

Weight  of  bullet  

Weight  of  powder  charge  

Weight  of  cartridge  complete  


United  States  of  America^ 


Springfield. 


9  pounds  1.6  ounce. 
9  pounds  13  ounces. 

4  feet  3.9  inches  

5  feet  9.8  inches  

.45  inch  

1  turn  in  22  inches  . 


1,600  yards. 
405  grains. . 
70  grains. .. 
611  grains. . 


England  and  Turkey. 


Martini-Henry. 


8  pounds  12  ounces. 

9  pounds  12  ounces. 

4  feet  1.5  inch. 

5  feet  11.5  inches. 
.45  inch. 

1  turn  in  22  inches. 
7. 

1,400  yards. 
480  grains. 
86  grains. 
766^  grains. 
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DATA  DELATING  TO  THE  SMALL-AEMS  OF  THE  LEADING  NATIONS  OF  THE  WOKLD 

— Contiuued. 

VELOCITIES  AND  ENERGIES.* 


Muzzle. 

1,000 

2,000 

2,  500 

Muzzle. 

1,000 

2,000 

2,  500 

1,350 
1,  639.  4 

534.5 

333.2 

280 

1,  252.  8 

573.9 

373.  2 

316.2 

257 

99,9 

70.5 

1,  673.  3 

372.2 

147.7 

106.  G 

Kanges  yards 

Velocities  feet 

Energies...  ft. -lbs 


Nation. 


Arm. 


"Weight  of  rifle  without  bayonet 
"Weight  of  rifle  with  bayonet. . . 
Length  of  rifle  without  bayonet. 

Length  of  rifle  with  bayonet  

Caliber  across  the  lands  

Inclination  of  giooves  

Number  of  grooves  

Extreme  graduation  of  sight  

Weight  of  bullet  

"Weight  of  powder  charge  

"Weight  of  cartridge  complete... 


t  France. 


Gras-Chassepot. 


Eussia. 


9  pounds  4  ounces. .. 

10  pounds  8  ounces.. 

4  feet  3  inches  , 

5  feet  11  inches  

.433  inch  

1  turn  in  21.  66  inches 

4  

1,968  yards  

386  grains  

81  grains  

676  grains  , 


Mauser. 


9  poundg  4  ounces. 
9  pounds  12  ounces. 

4  feet  2.38  inches. 

5  feet  10.38  inches. 
.42  inch. 

1  turn  in  20  inches. 
6. 

1,200  yards. 
368  grains. 
77  grains.  ] 
600  grains. 


VELOCITIES  AND  ENERGIES. 


Eanges  yards. 

"Velocities  feet. 

Energies  feet. -lbs. 


Muzzle. 

1,000 

2,000 

2,  500 

Muzzle. 

1,  000 

2,  000 

2,500 

1,  430 

553.5 

343.2 

288.4 

1,  384.  9 

552.6 

345.2 

290.6 

1,  753. 1 

262.7 

101 

7L3 

1,  567.  6 

249.6 

97.4 

69 

Nation. 


"Weight  of  rifle  without  bayonet 

"Weight  of  rifle  with  bayonet  

Length  of  rifle  without  bayonet.. 

Length  of  rifle  with  bayonet  

Caliber  across  the  lands  

Inclination  of  grooves  

Number  of  grooves  

Extreme  graduation  of  sight  

"Weight  of  bullet  

"Weight  of  powder  charge  

"Weight  of  cartridge  complete  — 


Prussia. 


Berdan. 


9  pounds  10  ounces  

11  pounds  5  ounces  c 

4  feet  5  inches  

6  feet  

.433  inch  , 

1  turn  in  21.66  inches...... . 

4  

1,750  yards  

386  grains  

77  grains  

660  grains  


"^Austria  and  Hungary. 


"Werndl. 


9  pounds  3  ounces. 
10  pounds  14  ounces. 

4  feet  2  inches. 

5  feet  9  inches. 
.421  inch. 

1  turn  in  28.74  inches. 
6. 

1,161  yards. 
371  grains. 
77  grains. 
656  grains. 


VELOCITIES  AND  ENERGIES. 


» 

Muzzle. 

1,000 
551.2 
254.5 

2,  000 
:342.  6 
100.6 

2.  500 
288.1 
71 

Muzzle. 
1,  437 
1,  709.  4 

1,  000 
559.9 
258.3 

2,  000 
347.7 
99.6 

2,  500 
292.3 
70.4 

Energies  ft.-lbs. 

1,  410 
1,  704.  4 

*  Computed. 

t  Musketry  instruction  and  long-range  infantry  fire  in  Austria,  France,  and  Prussia.— No.  XCVII, 
Vol.  22,  Journal  of  the  Koyal  United  Service  Institution. 

National  Armory, 
/Springfield,  Mass.,  Jaymary  15,  1880. 
Chief  of  Ordnance,  U.  S.  A.,  Washington^  D.  C.  : 

Sir  :  I  liave  the  bonor  to  forward  herewith  two  reports  by  Captain 
John  E.  Greer,  Ordnance  Department,  of  experiments  made  by  him  at 
Sandy  Hook  in  the  months  of  October  and.  November,  1879.  These  ex- 
periments were  made  by  your  approval,  and.  for  the  purpose  of  deter- 
mining the  extreme  ranges,  &c.,  of  certain  military  small-arms.  It  is 
thought  that  much  of  the  data  given  in  Captain  Greer's  reports  vriU  be 
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found  to  bo  new,  Jind  (\si)e(^iiilly  usenU  in  increasing  tlic  i'iin<^e  and  effi- 
ciency of  the  service  arms. 

1  hope  soon  to  submit  rei)orts  of  further  exi)eriments,  ^\iiicli  are  now 
beinj;  made  at  this  armory,  to  determine  what  changes,  if  any,  are 
necessary  in  the  pre^sent  system  of  rifling  and  form  of  cartridge  to  make 
the  results  at  Sandy  Hook  of  practical  use  to  the  ser\  ice. 
Very  respectfully,  your  obedient  seryaut, 

J.  G.  BENTO^^ 
Col.  of  Ordnance^  Gom''Wg. 


LONG-RANGE  FIRING. 

National  Armory, 
Springfield,  i¥as.s'.,  October  15,  1879. 

Sir  :  In  my  report  of  May  9,  1879,  on  the  comparative  trials  of  the 
Springhekl  and  Martini-Henry  rifles,  the  penetration  of  the  former  in 
white  pine  at  2,500  yards'  range  was  given  as  one  inch.  This  was  de- 
termined by  computing  the  remaining  velocity  of  the  bullet  at  that  dis- 
tance by  [the  formula  employed  by  Oapt.  W.  H.  ISToble,  E.  A.,  in  com- 
putations of  this  nature,  which,  it  may  be  stated,  gives  results  not  dif- 
fering materially  from  those  obtained  by  the  application  of  Prof.  Bash- 
forth's  formula,  as  given  in  his  "  Motion  of  Projectiles,"  and  then  pre- 
paring cartridges  with  various  charges  of  powder  and  testing  until  a 
muzzle  velocity  was  obtained  equal  to  the  computed  velocity  at  2,500 
yards.  Similar  cartridges,  on  being  fired,  gave  a  muzzle  penetration  of 
one  inch,  and  hence  it  was  inferred  that  the  penetration  at  2,500  yards 
was  also  one  inch. 

Since  the  date  of  that  report  an  opportunity  of  verifying  this  compu- 
tation by  actual  firing  has  been  afforded  me  at  the  Ordnance  Proving 
Ground,  Sandy  Hook,  N.  J. ;  also  of  further  testing  the  rifles  men- 
tioned, and  that  recently  prepared  at  this  armory  and  issued  to  the  teams 
representing  the  Departments  of  the  Atlantic  and  Pacific,  known  as  the 
Springfield  long-range  rifle.  Wei  ght  of  powder  charge,  80  grains ;  weight 
of  ball,  500  grains. 

By  trials  at  this  armory,  the  penetration  of  the  service  bullet  at  1,669 
yards,  the  longest  range  attainable,  was  found  to  be  1.87  inch. 

It  was  proposed  to  extend  the  trials  to  2,000  and  2,500  yards  with  the 
service  rifle,  and  with  the  Martini-Henry  and  Springfield  long-range  to 
3,000  and  3,500  yards,  if  the  results  at  the  shorter  ranges  were  satis- 
factory. 

A  leaf  to  the  rear  sight  several  inches  in  length  was  prepared  by  my 
direction  in  order  to  get  the  necessary  elevation  up  to  2,500  yards.  A 
combination  of  the  buck-horn  slide  of  the  regular  sight  and  a  screw  at 
the  bottom  of  the  leaf  afforded  means  of  correcting  for  wind,  drift,  &c. 
As  the  range  was  along  the  water's  edge  it  was  hoped  that  there  woild 
be  but  little  difficulty  in  seeing  the  shots  strike  the  sand,  or  at  least  in 
finding  the  holes  made  by  them,  in  order  to  properly  direct  the  marks- 
men. For  this  purpose  a  small  hole  was  dug  in  the  sand  30  or  40  feet 
in  front  of  the  right  edge  of  the  target,  the  sand  being  thrown  to  the 
rear.  Two  thicknesses  of  boards  resting  on  it  and  projecting  over  the 
front  were  lightly  covered  with  sand,  making  a  sort  of  bomb-])roof  for 
myself  and  an  assistant,  from  which  we  could  observe  the  shots.  The 
firing  was  done  by  Mr.  E.  T.  Hare,  of  this  armory,  who  has  the  envia- 
ble distinction,  so  far  as  is  known,  of  being  the  only  person  in  the  world 
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who  has  ever  hit  the  bull's-eye,"  G  feet  in  diameter,  at  2,500  yards  with 
three  different  rifles,  and  who  has  ever  fired  at  and  hit  so  small  a  target 
as  that  described  in  this  report  at  3,200  yards.  In  comparison  with  this 
all  other  so-called  "  long-range  firing  "  sinks  into  insignificance.  The 
gun  was  held  under  the  arm,  a  muzzle-rest  only  being  used. 

A  telephone  in  the  pit  with  us  and  another  at  the  firing  stand  afforded 
constant  communication,  by  which  our  labors  were  greatly  facilitated. 
In  fact,  at  the  longer  ranges  this  means  of  communication  was  indispen- 
sable, since  an  intervening  elevation  prevented  flag  signals  being  seen 
at  the  other  end  of  the  range.  The  target  at  1,200  yards  was  12  feet 
square  and  3  inches  thick,  being  made  from  1-inch  pine  boards  separated 
by  cleats. 

After  some  difficulty  in  getting  theproper  elevation  and  line,  the  rifles 
not  being  sighted,  of  course,  for  such  a  range,  the  target  was  hit  several 
times  with  each  of  them.  Though  hit  but  a  few  times  in  comparison 
to  the  number  of  shots,  the  accuracy  was  wonderfully  good  in  this 
much,  that  a  hundred-foot  circle  on  the  ground  contained  all  the  shots 
fired  under  imy  particular  elevation,  and  in  this  respect  the  service  car- 
tridge ai)peared  a  little  superior  to  the  others.  In  many  instances,  at  all 
the  ranges,  bullets  struck  within  5  feet  of  each  other. 

The  shot-holes  of  the  service  bullets  in  the  target  made  an  angle  with 
its  face  of  about  45°,  the  Martini  somewhat  greater,  and  the  Springfield 
long-range  materially  so.  The  elevations  required  to  reach  the  target, 
and  the  mean  penetrations,  are  given  in  the  following  table. 

Fiange,  2,000  yards. 


Eifle. 


Springfield  service. 
Springfield  loug-rau 
Martini-Henry  


Penetrations. 


1.  5  inch. 
Through  3-in.  target. 
Through  3-in.  target. 


The  target,  it  will  be  seen,  was  not  thick  enough  to  stop  the  heavier 
bullets )  it  was  therefore  transferred  500  yards  farther  down  the  beach. 
As  it  was  but  12  feet  square  and  difliculty  had  been  found  in  locating 
the  shots  at  the  shorter  range,  it  was  decided  to  extend  its  length  to  44 
feet  by  the  use  partly  of  pine,  there  being  but  a  small  quantity  at  hand, 
and  partly  of  spruce  boards,  16  feet  long,  each  side  of  the  original  tar- 
get, and  also  to  raise  the  latter  about  4  feet  from  the  ground. 

Immediately  above  the  original  target  the  height  was  increased  6  feet, 
making  the  target  22  feet  high  in  the  middle  and  16  feet  at  the  wings. 
That  part  of  tlie  target  in  line  with  the  original  was  2  inches,  and  all 
above  and  below  1  inch  thick.  The  whole  was  nailed  to  spruce  posts 
about  6  inches  thick. 

The  target  was  hit  five  times  with  the  service  rifle  in  70  rounds,  once 
with  the  Martini  in  80  rounds,  and  four  times  with  the  long-range 
Springfiield  in  30  rounds.  On  renewing  the  firing  the  next  day  it  was 
hit  once  more  with  the  long-range  rifle  and  twice  with  the  Martini. 

The  results  at  this  range  are  given  in  the  following  table : 


Kange,  2,500  yards. 


Kifle. 

Penetrations. 

Elevations. 

1. 12  inch. 
fy.  25  inches. 
2.  50  inches. 

17°  08'  16" 
10°  38'  21" 
13°  20'  18" 

I 
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Ol'  the  long-i'iiiifto  bullets  three  i)asse(l  tlirou<;h  the  target  and  buried 
I  heinselves  several  inehes  iu  the  sand.  Oneol'  the  otliers  i)assed  through 
a  1-ineh  board  and  penetrated  3.75  inches  into  one  of  the  posts  to  which 
the  board  was  nailed.  The  other  liit  the  3-board  tar<?et  at  a  point  over 
the  cleats  and  i)assed  clear  throuf^li  5  inches  of  pine  (3  boards  and  2  sep- 
arating cleats)  and  entered  0.75  of  an  inch  in  one  of  the  posts. 

The  mean  i)enetration  of  these  two  shots  is  given,  as  the  target  was 
not  thick  enough  to  stop  the  other  bullets.  Of  the  Martini  balls,  one 
passed  througli  a  part  of  the  target  2  inches  thick  and  fell  down  on  the 
sand  behind  it ;  another  passed  through  a  1-inch  board  and  penetrated 
one  of  the  i)osts  1  inch  ;  the  last  hit  the  three-board  target,  passed 
through  two  boards,  and  ])enetrated  the  last  one  0.5  of  an  inch. 

The  angle  made  by  the  shot-holes  with  the  face  of  the  target  appeared 
to  be  about  40°,  45^,  and  50°  for  the  service.  Martini,  and  long-range 
rifles  respectivel}^  Bullets  of  the  various  kinds  were  dug  out  of  the 
sand  within  45  feet  of  the  target  and  directly  behind  it.  This  fact  shows 
how  great  the  angle  of  the  trajectory  at  this  range,  and  how  extremely 
difficult  to  hit  a  target  the  size  of  the  one  used. 

The  target  was  then  placed  at  3,200  yards  from  the  firer.  This  dis- 
tance was  selected  x>artly  because  the  target  was  seen  better  than  at 
3,000  yards,  on  account  of  a  slight  elevation  between  it  and  the  marks- 
man's position,  and  partly  because  the  supply  of  Martini  cartridges  was 
becoming  much  reduced,  a  large  number  being  expended  in  getting  the 
l)roper  elevation  and  direction,  and  it  was  feared  there  would  not  be 
enough  for  use  at  3,000  and  3,500  yards.  The  range  chosen  was  fortu- 
nate in  this,  that  it  was  found  to  be  the  extreme  for  the  Martini,  for  when 
the  firer  was  instructed  to  increase  liis  elevation  the  range  decreased. 
On  decreasing  the  elevation  the  range  increased  to  a  certain  point.  Still 
the  majority  of  the  Martini  balls  fell  from  50  to  100  yards  short,  while 
the  others  did  not  go  more  than  25  yards  beyond. 

Over  300  Martini  cartridges  were  fired,  but  the  target  was  not  hit.  All 
but  20  of  the  cartridges  at  hand  were  fired,  these  being  reserved  for  ve- 
locity tests.  At  this  range  the  angle  of  fall  was  about  65°  to  70°,  judg- 
ing from  the  holes  in  the  moist  sand.  Bullets  were  found  in  the  sand 
behind  the  target,  22  feet  high,  at  a  distance  of  only  35  feet.  It  was 
evident  that  they  struck  the  sand  end-on,  as  the  points  were  always 
found  rough  and  slightly  bruised. 

At  2,500  yards  and  under  the  bullets  were  bruised  only  on  the  under 
side  of  the  point. 

With  the  long-range  Springfield  the  target  was  hit  three  times,  once 
where  it  was  one  board  and  twice  w  here  it  w^as  two  boards  thick.  In 
each  case  the  bullet  passed  clear  througli  and  buried  itself  several 
inches  in  the  sand.  The  angle  of  the  shot-hole  with  the  face  of  the  tar- 
get was  about  30°,  and.  the  bullet  in  going  through  the  two  boards  act- 
ually passed  over  2.5  inches.  Those  shots  that  struck  in  the  sand  gen- 
erally penetrated  to  a  depth  of  ^rom  8  to  10  inches,  and  sometimes  more. 
In  this  respect  they  surpassed  the  Martini  bullets,  which  did  jiot  often 
penetrate  more  than  (>  inches.  In  trying  to  get  the  proper  elevation  the 
long-range  bullets  were  thrown  over  300  yards  beyond  the  target,  and 
then  were  dug  out  of  the  ground  and  found  to  have  struck  point-on.  A 
few  are  submitted,  showing  how  the  grains  of  sand  were  driven  into  the 
points. 

At  the  2,000  and  2,500-yard  range  a  cut  was  made  in  the  sand  several 
inches  in  length,  and  the  bullet  rarely  penetrated  more  than  4  or  5 
inches ;  but  at  3,200  yards  a  round  hole  about  1.5  inches  in  diameter  at 
the  top  was  made  by  the  bullets,  which  buried  themselves  almost  ver- 
tically. 
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The  penetrations  at  ,'>,200  yards  and  the  necessary- elevations  are  given 
in  the  table. 

Hange,  3,200  yards. 


Rifle. 

Penetrations. 

Elevations. 

2.5  inches  +  sand. 
Failed  to  get  on  target. 

20°  51'  37" 
26=  51'  00" 

The  extreme  penetration  of  neither  arm  was  fonnd  at  this  range,  bnt 
enough  was  developed  to  show  that  either  would  kill  at  any  distance  to 
which  the  bullets  could  be  thrown.  The  penetration  appears  to  fall  off* 
but  slightly  beyond  1,700  yards,  as  may  be  seen  from  the  record  with 
the  service  gun.  This  is  owing  partly  to  the  velocity  acquired  by  the 
bullet  falling  through  the  height  due  to  increased  elevation,  compensat- 
ing for  the  loss  of  that  velocity  originally  imparted  by  the  powder-gas. 
It  was  proposed  to  construct  several  targets  nearly  horizontal  and  con- 
tinue the  trials,  but  owing  to  the  lack  of  suitable  lumber  the  idea  was 
abandoned.  In  this  connection  it  should  be  stated  that  English  author- 
ities claim  a  greater  initial  velocity  for  the  Martini — 1,372  feet — than  it 
has  been  possible  to  get  here.  The  cartridges  were  received  from  Eng- 
land with  the  rifle,  the  whole  being  presented  by  the  British  Govern- 
ment. Unless  the  powder  undergoes  deterioration  by  the  sea  voyage, 
or  from  contact  with  the  brass  of  the  shell,  it  is  difficult  to  reconcile  the 
claims  made  with  the  record  as  given  here  by  several  machines  for  de- 
termining velocity,  working  independently  of  each  other  by  separate 
circuits. 

The  following  table  shows  velocities  of  cartridges,  reserved  from  those 
used  at  Sandy  Hook  in  these  experiments ; 

Table. 


Rifle. 

Weight  of 
powder. 

Weight  of 
ball. 

No.  of  shots. 

Veloc 

Le  Boulenge 
Chronograph. 

itics.* 

Benton's  Elec- 
tro-Ballistic. 

Springfield  service  

Springfield  long-range... 

70  grains . 
80  grains. 
85  grains. 

405  grains. 
500  grains. 
430  grains. 

5 
5 
5 

1,  325.  3  feet. 
1,  269.  8  feet. 
1,  2G1.  2  feet. 

1,  328.  6  feet. 
1, 267.  3  feet. 
1,  264,  5  ieet. 

,.*Taken  simultaneously  on  the  two  machines. 


The  Martini,  it  will  be  observed,  though  firing  5  grains  more  powder, 
of  a  quicker  variety,  and  20  grains  less  lead  than  the  long-range  Spring- 
field, gives  the  lesser  velocity.  This  is  due  to  the  fact  that  the  powder 
undergoes  no  compression  in  the  Martini  shell,  owing  to  its  great  capac- 
ity as  compared  with  the  charge,  whil^  the  reverse  is  the  case  with  the 
Springfield. 

The  results  of  this  firing  are  such,  it  is  thought,  as  to  justify  a  reop- 
ening of  the  whole  question  whether  it  is  more  advisable  to  adopt  a 
heavier  charge,  both  of  powder  and  lead,  with  the  increased  recoil  and 
diminution  of  nuraber  of  cartridges  that  can  be  carried,  in  order  to  reach 
an  enemy  at  great  ranges,  as  both  the  English  and  Turks  have  done,  or 
with  a  lighter  bullet  and  higher  velocity  attain  a  flatter  trajectory  and 
greater  dangerous  space  at  ranges  under  a  thousand  yards,  as  the  United 
-States,  in  company  with  the  leading  continental  countries,  have  done. 
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AiiM)ii^4  tlic^  more  ronuirlvjibhi  I'eatures  developed  in  tli(^se  nitlier  re- 
UKn  lwil)I(^  triids,  was  that  of  the  ability  of  a  good  marksman  to  throw 
Jiis  sliots  in  sneh  close  proxiiiuty  to  each  other  at  the  longest  ranges,  in 
2nany  cases  the  ten  of*  each  gron]>  ialling  within  a  lew  feet  of  each  other. 
Prcsn])posing  a  knowledge  of  the  distance  and  some  means  of  observ- 
ing effect  of  shot  to  correct  elevation,  it  is  evident  that  among  even  a 
small  nnmber  of  troops  many  would  be  struck. 

Ordinarily  a  large  amount  of  ammunition  would  be  consumed  in  })ro- 
portion  to  the  execution  done  in  the  ranks  of  the  enemy ;  still,  if  it  were 
at  hand  it  would  probably  be  advisable  to  use  it  at  the  utmost  ranges. 
This  was  done  by  the  Turks  in  the  late  war  with  Russia,  and  with  more 
decided  effec^t  than  usually  attended  their  efforts  in  other  directions. 
\'erv  respectfully,  vour  obedient  ser\  ant, 

JOHN  E.  GREER, 
Cwptain  of  Ordnance,  U.  Army. 

To  the  CoMMANDiNCf  Officer,  National  Armory. 

To  Capt.  W.  S.  Starring,  Ordnance  Department,  in  charge  of  the  Ord- 
nance Proving  Ground  at  Sandy  Hook,  I  am  indebted  for  aid  of  men 
in  constructing,  and  horses  for  hauling  targets,  use  of  telephones,  &c., 
and  to  Messrs.  Sinclair  and  Merchant,  employes,  for  assistance  in  laying 
wires  for  and  operating  the  latter,  and  also  in  locating  position  of  fall- 
ing shots. 


LONG-RANGE  FIRING. 

National  Armory, 
Springfield,  Mass.,  Xovemher  13,  1879. 

Sir:  In  accordance  with  your  instructions  to  continue  experiments  in 
long-range  firing,  I  returned  to  Sandy  Hook,  JST.  J.,  taking  with  me,  in 
addition  to  the  guns  mentioned  in  my  report  of  October  15,  a  Spring- 
field long-range  rifle,  18-inch  twist,  a  Sharp's  (Borchardt)  military,  and, 
for  comparison  with  the  Martini-Henry,  Springfield  service  and  ex- 
perimental 18-inch  twist  carbines.  I  also  took  cartridges  for  the  long- 
range  guns  prepared  with  both  70  and  80  grains  of  powder,  the  bullets 
in  each  case  being  patched  and  weighing  500  grains.  In  addition  I  had 
a  limited  supply  of  cartridges  for  the  service  rifle  prepared  in  a  manner 
entirely  similar  to  the  service  cartridge,  except  that  the  bullet  was 
lengthened  so  as  to  bring  its  weight  up  to  500  grains.  The  powder 
charge  was  70  grains.  Finally,  I  was  provided  with  service-carbine 
cartridges. 

The  target  was  composed  of  ten  smaller  ones,  16^x12',  arranged  in 
quincunx  order  (see  Plate  III),  each  making  a  small  angle  with  the 
ground,  its  rear  being  raised  but  about  4  feet.  The  whole  gave  a  front 
of  80  and  a  depth  of  60  feet,  including  the  open  spaces.  The  five  tar- 
gets in  front  were  two  l-inch  boards,  and  the  remaining  five  one  board 
in  thickness.  A  flag  on  a  staff  at  the  center  of  the  target  enabled  the 
marksman  to  determine  the  position  of  the  latter. 

TIME  of  FLIGHT  OF  BULLETS  AS  DETERMINED  BY  THE  TELERHONE. 

Hitherto  the  accurate  determination  of  the  time  of  flight  of  small-arm 
projectiles  has  been  practically  impossible  at  long  ranges,  owing  to  our 
inability  to  see  them  strike,  even  when  firing  over  water.  The  discov- 
ery of  the  telephone  has  opened  up  to  us  a  simi)le  as  well  as  novel  means 
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of  obtaiiiiug  the  time  desired,  and  has  also  afforded  us  the  nieaus  of  veri- 
fying the  formulas  by  which  these  times  were  formerly  deduced.* 

In  these  experiments  two  telephones  provided  with  Blake  transmitters 
were  used.  One  was  placed  within  a  few  feet  of  the  gun  and  left  open 
to  receive  and  transmit  the  sound  of  the  discharge.  The  other  was  in 
the  shelter-proof,  which  was  but  about  thirty  feet  in  front  of  the  right  edge 
of  the  target.  A  stop-watch  beating  fourths  of  a  second  was  used  in  con- 
nection with  it.  The  telephone  being  at  the  ear,  the  instant  the  sound 
of  the  discharge  was  received  at  the  target  the  watch  was  started,  and 
on  the  bullet  striking  was  stopped. 

A  mean  of  a  large  number  of  observations,  which  rarely  differed  more 
than  a  quarter  to  a  half  of  a  second  from  each  other,  gave  the  time  of 
riight.t  Of  course  there  is  a  slight  delay  in  starting  the  w^atch,  but  this 
is  neutralized  by  a  similar  one  in  stopping  it.  The  times  given  may, 
therefore,  be  accepted  as  strictly  correct.  It  is  worthy  of  notice  that  the 
times  vary  on  different  days,  being  shortened  by  a  rear  and  lengthened 
by  a  head  wind. 

The  velocity  of  sound  may  be  readily  obtained  with  the  telephone  in 
the  same  manner.  The  time  for  the  sound  of  tlie  discharge  passing  through 
the  air  was  always  shown  by  the  watch  ;  but  as  it  was  not  desirable  for 
my  pur])ose  to  stoi)  the  watch  until  the  bullet  reached  the  targets,  these 
times  were  not  taken.  This,  so  far  as  I  am  aware,  is  the  first  attempt 
to  utilize  the  telephone  in  experiments  of  this  nature. 

The  angles  of  elevation  for  each  gun  at  each  range  were  taken  by  means 
of  a  quadrant  with  a  stem  entering  the  barrel.  In  addition  the  angles 
were  computed  from  the  triangle  on  the  gun,  the  heights  of  front  and 
rear  sights  used  being  known,  and  the  distance,  measured  on  the  axis 
of  the  bore,  between  them.f  It  may  be  stated  that  the  angles  at  the 
higher  ranges  differed  materially  when  taken  on  different  days,  head  and 
rear  Avinds  causing  much  greater  variations  than  at  short  ranges,  owing 
to  the  longer  times  the  bullets  were  subject, to  their  influence.  Winds 
also  affected  the  extreme  range  of  the  guns,  especially  of  the  service  and 
other  arms  using  light  bullets. 

In  these  trials  more  difficulty  was  experienced  than  before  in  locating 
the  position  of  the  falling  shots  on  account  of  the  roaring  of  the  m\% 
which  prevented  their  striking  the  sand  being  heard,  and  the  heavy 
winds  which,  prevailing  most  of  the  time,  drifted  them  more  or  less  at 
all  ranges. 

*NoTE  BY  Chief  of  Ordnance.— The  first  use  of  the  telephone  in  determining  the 
time  ot  flight  of  projectiles,  both  for  small  arms  and  cannon,  was  made  at  the  Sandy 
Hook  Proving  Ground  during  the  summer  of  1879,  under  the  supervision  of  Capt.  W. 
S.  Starring,  United  States  Ordnance  Department. 

Captain  Greer  availed  himself  of  this  valuable  application  of  the  telephone  in  his  im- 
por;ant  experiments  for  long  ranges,  made  a  few  months  after,  and  deserves  the  credit 
of  having  made  practical  use  of  it,  as  recorded  in  this  report. 

tThis  method  was  developed  on  my  first  visit  to  Sandy  Hook  in  the  following  man- 
ner :  At  the  long  ranges,  except  when  the  wind  was  favorable,  the  discharge  of  the 
gun  could  not  be  heard  at  the  target.  The  telephone  was  then  employed  to  transmit 
the  sound  of  the  discharge.  Observation  as  to  the  long  interval  that  elapsed  before 
the  bullet  struck  led  at  once  to  the  idea  of  timing  it.  Having  no  stop-watch,  this  was 
not  done  until  my  return  for  further  trials. 

+  On  examination  of  the  tables  it  will  be  seen  that  there  are  numerous  anomalies  in 
regard  to  angles,  and,  in  a  few  instances,  in  the  times  of  flight.  These,  as  stated,  are 
due  partly  to  the  effect  of  winds,  and  partly  to  the  fact  that  at  high  ranges  the  slide 
on  the  sight  could  be  run  up  or  down  an  inch  or  more  from  the  point  which  appeared 
to  be  suitable  for  reaching  the  target  without  sensible  variation  in  the  range.  This 
is  due  to  the  great  curvature  of  the  trajectory,  as  is  illustrated  by  the  diagram.  In 
case  of  further  trials  a  fixed  rest  Avould  probably  aid  in  getting  the  angles  accurately. 
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was  coimneiicod  at  a  raiij^^e  of  3,500  yards  with  the  service  rille 
and  cartridge,  but  the  target  was  not  readied.  The  18-inch  twist  long- 
rango  Springliehl  was  tlien  taken  n\)  and  40  shots  fired,  seeking  the 
necessary  elevation  and  direction,  when  the  target  was  liit  oncein  a  por- 
tion 2  boards  thick.  The  bullet  i)assed  through  and  i)enetrated  the  sand 
to  a  depth  of  0  inches.  Tlie  other  bullets  entered  the  sand  from  10  to 
12  inches. 

On  repeating  the  firing  a  few  days  later  similar  results  w  ere  obtained, 
together  with  tlie  time  of  flight.  The  angle  of  elevation  at  the  second 
trial  w^as  several  degrees  less  than  the  first  used.  As  there  was  com- 
paratively little  wind  the  last  day,  the  angle  then  taken  was  probably  the 
true  one.  A  mean,  however,  was  taken.  The  long-range  rifle  used  in 
previous  trials,  19§-inch  twist,  was  fired  at  3,500  yards,  and  with  the  ex- 
ception that  the  bullets  did  not  happen  to  hit  the  target,  though  falling 
all  around  it,  the  results  obtained,  so  far  as  penetration  in  sand  is  con- 
cerned, were  the  same.  The  same  may  be  said  of  the  Sharp's  military, 
and  in  fact  might  be  said  of  any  arm  using  the  same  ammunition — that 
of  the  long-range  Springfield.  It  was  observed  that  little  or  no  differ- 
ence in  elevation  was  required  with  cartridges  containing  70  and  80  grains 
of  powder,  the  weight  of  bullet,  500  grains,  remaining  the  same. 

The  Martini-Henry  was  next  fired  at  this  range,  but  the  target  was 
not  reached. 

The  service  rifle  was  also  fired  a  few  times  with  70  grains  of  pow  der 
and  a  lubricated  grooved  bullet  weighing  500  grains.  Not  being  able  to 
locate  the  bullets  no  record  was  made  of  the  elevation.  Later,  however, 
these  bullets  were  found  beyond  the  target.  It  was  observed  not  only 
at  these,  but  all  other  trials  at  ranges  varying  from  1,500  to  3,500  yards,, 
that  in  every  case  the  bullets  struck  point-on.  This  was  clearly  shown 
not  only  by  the  penetration  in  wood,  but  in  the  sand.  At  the  longest 
ranges  the  holes  in  the  latter  looked  as  though  they  had  been  made  with, 
a  cane,  and  the  angle  of  fall  was  about  65o.  This  was  determined  by 
measuring  the  height  where  the  target  was  struck  and  the  horizontal 
distance  below  to  the  point  finally  hit  on  the  sand.  Sand  was  driven  in 
the  points  of  the  bullets,  showing  clearly  how  they  had  struck. 

In  many  instances,  at  the  3,500  range,  the  times  of  flight  and  angles 
of  elevation  could  not  be  determined  owing  to  the  fact  that  the  bullets 
did  not  hit  the-  target  nor  strike  near  enough  to  it  to  enable  their  fall  ta 
be  heard. 

Tahle  of  i^esults  at  3,500  yards  range. 


Rifles. 

Weights  of 
powder. 

Weights  of 
bullets. 

Angles  of  ele- 
vation. 

Times  of 
flight. 

Penetration  in 
white  pine. 

Long-range  Spring  fi  e  1  d  < 
(l«-incn  twist).  \ 

Long-range   Springfie  1  d  ( 
(19|-inch  twist).  ) 

Sharp's  (Borchardt)  | 

Martini-Henry  

Springfield  (service)  ^ 

70  grains. 
80  grains. 
70  grains. 
80  grains. 
70  grains. 
80  grains. 
85  grains. 
70  grains. 
70  grains. 

500  grains* 
500  grains. 
500  grains. 
500  grains. 
500  grains. 
500  grains. 
480  grains. 
405  grain  st 
500  grainat 

270  36" 
27°  12'  36" 
29^  45'  36" 
290  45/  36" 
No  record. 
No  record. 

No  record. 

21.  2  seconds. 
20.  8  seconds. 

No  record. 
No  record. 

C) 
C) 

No  record. 

Inches. 
10  in  sand. 
2+6  in  sand, 
10  in  sand. 
10  in  sand. 
10  in  sand. 
10  in  sand. 

10  in  sand. 

'Patched.  t  Grooved  and  lubricated.  :t  Failed  to  reaeh  target. 
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3,000  YARDS  RANGE. 

At  3,000  yards  the  angle  of  fall  with  the  long-rauge  IS-iuch  twist  gmi 
was  about  35^  as  nearly  as  could  be  judged  from  the  bullet  holes  in  the 
target  and  in  the  sand.  For  some  reason,  not  understood,  the  quicker  twist 
gun  seemed  to  require  a  little  less  elevation  than  the  others  at  the  same 
range.  The  penetration  with  all  guns  was  less  in  the  sand  than  at  3,500 
yards.  This  was  due  to  less  vertical  height  fallen  through  and  to  the 
flatter  trajectory,  which  caused  the  bullets  to  move  to  the  front  after 
striking  and  make  a  cut  in  the  sand. 

At  the  3,000-yard  range  the  target  was  hit  several  times  by  the  18-inch 
twist  Springfield  and  the  Sharp's,  the  19 § -inch  twist  not  being  fired,  as 
it  differed  so  little  from  the  Sharp's  and  the  supply  of  ammunition  was 
small.  In  each  case  the  target  was  hit  where  it  was  one  inch  in  thick- 
ness. The  bullets  passed  through  and  entered  the  sand  about  3  inches. 
No  difference  in  elevation  was  used  with  70  and  80  grains  powder  charges, 
and  the  penetration  appeared  precisely  the  same.  A  slight  difference 
in  times  of  flight — about  one-half  second — was  observed,  the  80  grains, 
of  course,  giving  the  lesser.  The  angle  of  elevation  with  the  18-inch 
twist  was  slightly  less  than  Avith  the  Sharp's,  which  probably  accounts 
for  its  time  being  also  one  second  less  than  Avith  the  Sharj)'s.  Having 
but  about  50  Martini  rifle  cartridges  to  use  at  the  two  ranges  of  2,500 
and  3,000  yards,  the  target  at  the  latter  was  not  hit,  but  the  bullets  fell 
in  such  close  proximity  to  it  as  to  enable  the  angle  of  elevation  and  time 
of  flight  to  be  obtained.  The  same  was  true  of  the  service  rifle  with  the 
500  grains  grooved  bullet.  It  will  be  seen  by  the  table  summarizing 
these  results  that  greater  p.enetration  was  obtained  with  the  service,  with 
15  grains  less  powder  but  20  grains  more  lead,  than  with  the  Martini, 
and  that  the  time  of  flight  was  the  same.  The  initial  velocity  was  in 
favor  of  the  Martini,  but  it  was  neutralized  by  the  less  weight  of  lead. 
Attempts  to  reach  the  3,000  yards  target  with  the  service  rifle  and  car- 
tridge were  unsuccessful,  the  utmost  range^  being  2,950  yards.  The 
weather  was  very  unfavorable  for  so  light  a  bullet,  head  and  cross  winds 
acting  on  it  with  much  greater  effect  than  on  the  heavier  long-range  bul- 
lets. The  difference  in  weight  is  strikingly  illustrated  by  that  of  pro- 
l^ortionate  weights  of  shot  for  the  11-inch  rifle  of  500  and  617.5  pounds. 

As  the  bullets  did  not  fall  within  less  than  50  yards  of  the  target  the 
time  could  not  be  determined,  and  the  angle,  which  was  constantly 
varied  with  the  hope  of  ultimately  gaining  the  last  50  yards,  was  to  some 
extent  a  matter  of  doubt.  It  was  apparent  that  the  maximum  range 
was  obtained  with  an  angle  not  exceeding  32^,  and  possibly  less.*  This 
was  manifest  when  using  the  long-range  gun  at  3,500  yards ;  for  Avith  an 
angle  of  slightly  less  than  25°  the  bullets  were  falling  all  around  the  tar- 
get, and  on  increasing  the  elevation  to  32^,  the  maximum  allowed  by 
the  sight, they  instantly  fell  off*  from  100  to  150  yards.  The  greatest  range 
obtained  wi  th  the  long-range  18-inch  twist  gun  was  3,680  yards.  The  an- 
gle under  which  it  was  obtained  is  also  a  matter  of  doubt,owing  to  the  con- 
stant changes  to  produce  the  greatest  range,  and  the  fact  that  bullets 
thrown  under  one  angle  may  not  be  found  in  the  sand  at  the  time,  but  may 
be  discovered  later,  when  it  is  impossible  to  say  at  what  time  they  were 
fired.   The  angle  in  any  event  did  not  exceed  32°. 

*The  maximum  range  of  the  Martini  having  been  attained  with  an  angle  of  26°  51', 
and  a  mean  of  the  observed  angles  of  the  long-range  Springfield  at  3,500  yards  being 
very  nearly  the  same,  27°  may,  it  is  thought,  be  accepted  without  material  error  as 
corresponding  to  the  maximum  range.  For  reasons  previously  stated,  however,  of  the 
absolute  correctness  of  the  angles  obtained  I  am  not  entirely  certain. 
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Tuhle  of  refmlts  at  3,000  yards  range. 


JliHos. 

Weights  of 
powder. 

Weights  of 
bullets. 

Angles  of  ele- 
vation. 

Times  of 
llight. 

Peneti  ation  in 
white  pine. 

Long-range    SpringHeld  J 
(IC-inch  twist).  ) 

Sharp's  (Borchardt)  ^ 

Martini-Henry  

Springfield  (service)  ^ 

70  grains. 
HO  grains. 
70  grains. 
80  grains. 
85  grains. 
70  grains. 
70  grains. 

500  grains* 
500  grains. 
500  grains. 
500  grains. 
480  grains. 
405  grains  t 
500  grains  t 

17°  48'  11" 
170  48'  11" 
l!)o  47'  15" 

190  14' 

22°  21'  34" 
Utmost  range 
20°  37'  28" 

15.5  seconds. 
15.25  seconds. 
l(i.5  seconds. 
10.25  seconds. 
17.67  seconds. 
2,950  yards. 
17.77  seconds. 

Inches. 
1+6  to  8  in  sand. 
H  6  to  8  in  sand. 
6  to  8  in  sand. 
1-fG  in  sand. 

5  in  sand. 

4  to  5  in  sand. 

6  to  8  in  sand. 

*  Patched.  t  Grooved  and  lubricated. 


2,500  YARDS  RANGE. 

At  this  distauce  the  long-range  Springfiekl  lO^'-inch  twist  and  the 
Sharp's  were  fired  with  both  70  and  80  grain  cliarges,  the  service  Spring- 
field rifle  and  carbine  with  the  service-rifle  cartridge,  and  the  Martini- 
Henry  rifle  and  carbine  with  their  respective  cartridges. 

At  this  range  the  targets  were  too  nearly  horizontal  for  the  guns  firing 
heavy  bullets,  and  the  i)enetrations  were  to  some  extent  lengthwise  with 
the  target  rather  than  through  it.  The  Martini  rifle  balls  plowed  their 
way  up  almost  2  inches  without  getting  through  the  two  boards,  but  with 
a  vertical  target  during  former  trials  passed  entirely  through  two  boards 
and  part  way  into  a  third.  The  long-range  Springfield  bullets  passed 
through  two  boards  easily,  giving  a  iDenetration  of  about  3  inches,  and 
then  entered  the  sand  to  a  depth  of  about  4  inches.  When  striking  a 
single-board  target  the  iienetration  in  sand  was  but  little  more  than 
before. 

The  penetrations,  times  of  flight,  &c.,  of  these  guns,  together  with 
those  of  the  service,  and  the  Martini  and  service  carbines,  are  given  below : 


Table  of  results  at  2,500  yards  range. 


Rifles  and  carbines. 

• 

Weights  of 
powder. 

Weights  of  1  Angles  of  ele- 
^buUets.    j  vation. 

Times  of 
flight. 

Penetration  in 
"white  pine. 

Long-range   Springfield  ( 
(19|-inch  twist).  ) 

Sharp's  (Borchardt)   ^ 

Martini-Henry  

Springfield  carbine  (serv-  < 
ice).  \ 
Martini-Henry  carbine  

70  grains. 
80  grains. 
70  grains. 
80  grains. 
85  grains. 
70  grains. 

70  grains. 

70  grains. 

500  grains* 
500  grains. 
500  grains. 
500  grains. 
480  grains* 
405  grains  \ 

405  grains! 

410  grains* 

12°  43'  36" 
12°  49'  17" 
11°  39'  29" 
12°  3'  0" 
170   5' 12" 
170  8'  16" 

18°  47'  7" 

17°  19'  31" 

11.32  seconds. 
114  seconds. 
11.  seconds. 
11.25  seconds. 
14.5  seconds. 
17.75  seconds. 

15.25  seconds. 

Inches. 
3  +  sand. 
3  +  sand. 
3  to  4  in  sand. 
3  to  4  in  sand, 
2. 

1.37. 

1  +  sand. 
1.75. 

*  Patched.  t  Grooved  and  lubricated. 


2,000  YARDS  RANGE. 

At  this  range  the  service  rifle,  service  carbine  with  both  rifle  and  car 
bine  cartridges,  the  18-inch  twist  carbine,  and  the  Martini-Henry  were 
fired.  The  i)enetrations  were  very  uniform  for  all  these  guns  and  are 
given  in  the  table  as  inch.  Though  passing  through  but  one  board 
in  most  cases  into  the  sand,  the  penetrations  were  really  much  greater 
owing  to  the  parallelism  of  target  and  trajectories.  The  most  striking- 
point  developed  was  that  the  penetrations  of  the  carbine  with  carbine 
and  rifle  cartridges  were  not  only  equal  to  each  other,  but  to  that  of  the 
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rifle  as  well.  That  of  the  Martiui  was  the  same.  The  targets  should 
have  been  perpendicular  at  so  short  a  range  to  have  shown  any  material 
difference,  which,  for  reasons  later  explained,  probably  did  "not  exist. 
The  times  and  angles  were  taken,  the  latter  being  with  the  18-inch  twist 
a  little  less  than  with  the  service  carbine. 


Tabic  of  results  at  2,000  yards  range. 


liifles  and  carbines. 

Weights  of 
powder. 

Weights  of 
bullets. 

Angles  of  ele- 
vation. 

Times  of 
flight. 

Penetration  in 
white  pine. 

Springfield  rifle   

Springfield  carbine  (serv-  C 

ice).  I 
Springfield  carbine   (18-  C 

inch  twi.st).  ( 
Martini-Henry  

70  grains. 
55  grains. 
70  grains. 

70  grains. 

70  grains. 

405  grains. 
405  grains. 
405  grains. 

405  grains. 

410  grains* 

10°   6'  8" 
lOo  12'  43" 
90  21'  8" 
go    1/  47// 

IQo  16'  1" 

9.25  seconds. 
10.37  seconds. 
9.62  seconds. 

9.56  seconds. 

9.37  seconds. 

Inches. 
1.5  +  sand. 
1.5  -f  saud. 
1.5  4-  sand. 

1.75. 

1.5  +  sand. 

*  Patched. 


1.500  YARDS  RANGE. 

The  service  carbine  with  both  rifle  and  carbine  cartridges  and  the  18- 
inch  twist  experimental  carbine  with  rifle  cartridges  were  fired  at  this 
range,  the  Martini  haviug  been  fired  during  the  former  trial  at  the  ver- 
tical target.  The  penetrations  are  not,  therefore,  strictly  comparable, 
because  the  inconvenience  of  a  horizontal  target  at  so  short  a  range  was 
greatly  magnified  over  that  at  2,000  yards.  When  using  the  rifle  car- 
tridge the  bullets  passed  through  the  thickest  portion  of  the  target  (two 
boards),  but  at  such  an  angle  as  to  give  at  least  3  inches  penetration.  The 
angle  of  elevation  was  slightly  in  favor  of  the  quicker-twist  carbine. 
When  using  the  carbine  cartridges  the  target  was  hit  several  times,  but 
invariably  in  a  part  which  was  but  one  board  thick.  The  bullet  traversed 
about  IJ  inch  in  getting  through  and  then  entered  the  sand.  All  pene- 
trations in  sand  were  very  much  reduced  as  the  range  decreased,  a  cut 
being  made  a  few  inches  in  length.  Except,  at  1,500  yards  range  the 
bullets  generally  remained  in  the  sand;  but  at  this  range  they  very  fre- 
quently left  it  and  passed  a  long  way  beyond.  As  tending  to  show  how 
little  sand  is  required  to  stop  a  bullet  at  short  range  the  service  rifle  was 
fired  into  sand  from  5  to  10  feet  away.  The  bullets  did  not  enter  more 
than  3  or  4  inches,  their  whole  power  being  expended  in  deforming  them- 
selves— in  reality  turning  themselves  inside  out.  The  high  velocity  at 
which  they  were  moving  gave  the  particles  of  sand  no  time  to  admit  of 
displacement  before  the  bullets  were  destroyed.  A  few  are  submitted 
showing  this  singular  eftect.  At  long  ranges,  where  the  velocity  was 
comparatively  low,  bullets  penetrated  to  a  depth  of  10  to  12  inches  with- 
out injury  to  their  shape. 

Table  of  results  at  1,500  yards  range. 


Carbines. 

Weights  of 
powder. 

Weights  of 
bullets. 

Angles  of  ele- 
vation. 

Times  of 
flight. 

Penetration  in 
white  pine. 

Springfield  carbine  (serv-  < 
ice).  I 

Springfield  carbine   (18-  < 
inch  twist).  ( 

70  grains. 
55  grains. 

70  grains. 

405  grains. 
405  grains. 

405  grains. 

60  38'  5" 
60.38'  5" 

60  28'  25" 

5.5  seconds. 
5.75  seconds. 

5.5  seconds. 

Inches. 

3. 

1.5  +  sand. 
3. 
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ASSIMILA  riON  OF  VELOCFriES  AT  LONOr  KAN(iES  OF  BULLETS  OE  EQUAL 

wjoioiiT  iiAvma  difeerent  initial  velocities. 

The  explanation  of  the  fact  that  the  Springfield  rifle,  though  giving 
greater  initial  velocity,  has  practically  no  greater  range  than  the  carbine 
using  the  rille  cartridge,  and  that  the  long-range  guns  require  no  more 
elevation  at  great  ranges  with  a  70-grain  charge  of  ])Owder  than  with  80 
grains,  the  weight  of  bullets  being  the  same,  is  that  the  slight  difference 
in  initial  velocity  is  neutralized  by  the  resistance  of  the  air  long  before 
the  ultimate  range  is  reached,  and  the  velocity  which  the  bullet  has  on 
reaching  the  earth,  or  final  velocity,  is  due  largely  to  gravity.  For 
points  beyond  that  at  which  this  approximation  of  velocities  takes  place 
the  same  elevation  is  of  course  required.  All,  then,  depends  on  the  weight 
of  lead  thrown.  At  1,000  yards  a  difference  in  elevation  corresponding 
to  but  20  yards  in  range  was  observed  between  the  70  and  80  grain 
charges. 

In  addition  to  the  cases  referred  to  this  was  shown  at  2,000  yards,  the 
service-carbine  giving  the  same  ])enetration  with  carbine  and  rifle  car- 
tridges— though  differing  in  i)ovvder  charge  by  15  grains — and  with  but 
slightly  different  elevations  and  times  of  flight.  The  assimilation  of 
velocities  of  the  same  bullet  thrown  under  different  initial  velocities  is 
also  shown  by  the  table  of  comi)uted  velocities  in  my  report  of  May  9. 

effect  of  weight  in  conserving  velocity. 

The  great  advantage  of  weight  in  conserving  velocity  was  evident  not 
only  when  firing  against  heavy  winds,  but  in  calm  weather  at  the  greater 
ranges.  More  power  is,  of  course,  required  to  communicate  an  equal 
velocity  to  a  heavy  bullet  than  to  a  light  one,  but  the  ability  to  over- 
come resistance  of  air  enables  us  to  accept  as  a  standard  a  much  less 
initial  velocity,  and  consequently  not  unduly  increase  the  recoil.  More 
depends  within  ordinary  limits  on  the  weight  of  bullet  than  of  powder. 
This  Avas  clearly  manifest  in  these  experiments  when  the  ultimate  range 
of  the  Martini — though  using  15  grains  more  powder — was  found  to  be 
between  that  of  the  service  and  long-range  guns,  its  weight  of  lead 
thrown  being  between  theirs. 

The  times  of  flight  are  in  the  same  order.  The  resistance  to  lateral 
deviation  by  cross-winds  was  decidedly  favorable  to  the  heavy  bullets 
at  all  the  higher  ranges. 

powder  charge. 

Variations  in  the  powder  charge  within  ordinary  limits  having  been 
shown  to  have  little  or  no  influence  at  the  longer  ranges,  the  advantages 
of  a  charge  as  heavy  as  that  of  the  Martini  must  be  sought  for  when  the 
arm  is  used  at  closer  quarters.  The  higher  the  initial  velocity  the  flatter 
the  trajectory  until  a  range  is  attained  at  which  different  velocities  be- 
come sensibly  equal.  High  velocities,  however,  cannot  be  obtained  with- 
out an  accompanying  recoil. 

At  1,000  yards,  as  already  stated,  the  difference  in  elevation  required 
by  the  use  of  70  and  80  grain  charges  in  the  long-range  Springfield  was 
very  slight.  With  the  service  gun  the  high  initial  velocity  has  been  a 
prominent  feature,  and  the  same  is  true  of  those  of  most  of  the  conti- 
nental countries.  In  passing  from  the  service  to  the  long-range  gun, 
however,  the  Martini,  formerly  throwing  the  heaviest  bullet,  is  placed 
between  them.  At  short  ranges  great  power  is  not  required,  all  of  the 
guns  having  a  surplus.    If  battles  are  to  be  lost  and  won  at  extreme 
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ranges,  ii  liat  trajectoiy  is  of  no  «Teat  consequence,  and  tlie  rifle  sliould 
be  used  to  give  a  curved  fire  like  that  of  mortars.  If  fought  within  short 
ranges — 1,000  yards — as  most  of  our  Indian  fighting  is  done,  then  the 
weight  of  the  ])owder  charge  shouhl  be  to  the  bullet  as  at  present,  70  to 
405,  or  in  tlie  case  of  the  Martnii,  85  to  480. 

NATURE  or  BULLET. 

During  these  trials  i)atcliedand  lubricated  grooved  bullets  of  the  same 
weight  were  used.  No  trials  for  accuracy  in  the  sense  ordinarily  under- 
stood have  yet  been  made.  It  is  sufftcient  to  say,  however,  that  the  ex- 
perience of  this  country  with  the  service  bullet  affords  the  strongest 
probability  that  the  heavy  grooved  bullet  will  prove  as  satisfactory  as 
the  lighter  one,  especially  with  a  little  greater  twist  on  account  of  the 
increased  length  of  bullet. 

The  advantages  of  this  form  of  bullet  for  the  service  cannot  be  mag- 
nified. Cartridges  made  as  at  present  are  absolutely  water-proof;  the 
bullet  is  securely  held  and  cannot  be  displaced  when  the  cartridge  is 
carried  in  the  belt  as  is  now  the  custom.  With  the  patched  bullet  the 
reverse  obtains.  The  roughing  up  of  the  i^atch  is  ruinous  to  accuracy, 
and  the  ease  with  which  the  bullet  may  be  pulled  from  the  shell  renders 
the  use  of  cartridges  so  constructed  highly  objectionable. 

POWER  OF  THE  SPRINGFIELD  RIFLE  AND  CARBINE. 

The  record  of  the  service  rifle  with  service  cartridge  at  2,500  yards  is 
a  complete  refutation  of  the  assaults  that  have  been  made  on  this  arm 
from  time  to  time.  The  penetration  was  from  If  to  Ih  inch,  about  i  to 
I  of  an  inch  greater  than  at  the  first  trial  with  vertical  target.  This  is 
amply  suflicient  to  disable  if  not  to  kill.  The  angle  of  fall  was  such  as 
to  cause  the  bullets  to  strike  the  horizontal  target  nearly  at  right  angles. 
At  a  range  of  2,950  yards  the  target  was  not  hit,  but  the  penetration  in 
sand  was  greater  than  at  2,500  yards.  That  the  extreme  range  of  this 
gun  with  service  cartridge  was  equal  to  that  of  one  using  nearly  one-fifth 
more  i)owder  and  one-fourth  more  lead  was  not  claimed ;  but  that  it  was 
effective  at  a  range  beyond  which  it  is  impossible  to  shoot  anj'  gun  from 
the  shoulder,  was  maintained  and  is  clearly  i)roved  by  these  experiments. 
But  by  far  the  most  remarkable  fact  develoj^ed  was  that  the  much-abused 
carbine  should,  when  firing  the  service-rifle  cartridge,  give,  at  2,500 
yards,  a  x>enetration  of  1  inch  in  pine  and  2  to  3  inches  more  in 
sand.  The  penetration  in  i)ine  would  no  doubt  have  been  equal  to  that 
of  the  rifle  had  a  thicker  portion  of  the  target  been  struck.  The  Martini 
carbine  gave  the  same  penetration  excei)t  in  one  instance,  when  it  was 
If  inch.  The  greater  penetration  of  the  Martini  bullet  was  due  to  two 
causes :  First,  its  5  grains  more  lead,  and  these  trials  showed  that  at 
long  ranges  each  grain  of  lead  was  worth  its  weight  in  gold  for  i)roduc- 
ing  a  certain  effect ;  and  second,  the  dragging  effect  of  the  cannelures 
on  the  service  bullet  in  passing  through  wood.  This  last  is  esi)ecially 
true  when  the  bullet  is  moving  with  a  low  velocity,  as  the  fibers  of  the 
wood  have  time  to  spring  back  while  the  bullet  is  forcing  its  way  through. 
This  was  manifest  on  examination  of  the  bullets,  the  lead  at  the  shoul- 
ders of  the  grooves  being  dragged  irregularly  to  the  rear.  A  few  are 
submitted  showing  this  j)eculiarity.  As  stated  in  a  former  report,  this 
is  ordinarily  of  no  consequence,  since  bullets  are  not  shot  through  wood 
but  air,  at  animate  objects.  In  trying  to  reach  the  2,500  yards  target 
with  tlie  carbine  the  bullets  were  thrown  at  least  200  yards  beyond. 
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At  rangjes  up  to  1,000  yards  tlie  Si)riiigfield  rifle  is  one  of  the  most  ac- 
curate known,  due  in  jireat  measure  to  the  care  exercised  in  its  manu- 
facture, and  to  tlie  excellence  and  uniformity  of  its  cartridges  produced 
at  the  Fraidcford  Arsenal. 

At  higher  ranges,  except  in  calm  weatlier,  it  couhl  hardly  be  expected 
to  compete  with  guns  using  heavy  charges,  especially  of  lead. 

CONCLUSIONS. 

As  a  result  of  these  trials  it  will  be  seen  that  the  service  rifle  with 
the  service  cartridge  is  an)ply  sufticient  to  disable  and  possibly  to  kill 
up  to  nearly  3,000  yards  ;  that  the  same  is  true  of  the  carbine  using  the 
rifle  cartridge  ;  that  the  500-grain  bullet  fired  from  any  rifle  with  a  twist 
sufficient  to  give  the  necessary  rotation  will  range  nearly  3,700  yards ; 
that  variations  in  weight  of  powder  charge  within  ordinary  limits  have 
no  eflect  on  elevation  at  extreme  ranges,  velocities  approximating  to 
each  other;  and  finally,  that  with  a  cartridge  prepared  as  at  present, 
but  with  an  increased  weight  of  ball,  the  service  rifle  may  be  made,  if 
desired,  as  long  a  ranging  arm  as  any  known. 

As  regards  accuracy,  further  experiments  will  be  necessary  to  deter- 
mine the  conditions  of  twist,  &c.,  required. 

Appended  will  be  found  a  table  giving  a  summary  of  all  the  results 
obtained  at  Sandy  Hook,  N.  J.,  and  this  post  up  to  the  present  time. 

Further  experiment  w  ill  be  made  with  the  service  gun  and  heavy  bul- 
lets. 

Very  respectfully,  your  obedient  servant, 

JOHN  E.  GEEER, 
Captain  of  Ordnance,  U.  S.  A, 
To  the  Commanding  Officer,  National  Armory. 


Summary  of  results  of  long-range  firing  at  Spt^ingfield,  Mass.,  and  Sandy  HooTc,  N,  J.  (hoth 
trials),  by  Captain  John  E.  Greer,  Ordnance  Dejparimmt,  V.  S.  A. 


Rifles. 

Weights  of  powder. 

Weights  of  balls. 

Initial  velocities. 

Recoil. 

03 
<B 

too 

a 

ee 

Angles  of  elevation.* 

Times  of  flight. 

  1 

i 

Penetration  in  white 
pine. 

Grs. 

Grs. 

Feet. 

Foot-lbs. 

Yards. 

See. 

Inches. 

Springfield  (service) . . 

70 

405t 

1,  326,9 

9.  33 

1,  500 

5°  58'  23" 

2,  000 

11°  2'  4" 

9.  25 

1.  5. 

2, 500 

17^  8'  16" 

17.  75 

1.37. 

2,  800 

240  8M2" 

2,  950 

27°  12'  36" 

4  to  5  in  sand. 

500t 

1,266 

11.75 

1,  500 

50  33'  51" 

3,000 

200  37'  28" 

17.77 

6  to  8  in  sand. 

3,  500 

ISIo  record. 

10  in  sand. 

Rprinpfield,  long- 

70 

500 

1,  220.  8 

10.  83 

1,  .500 

40  .02'  17" 

rauge  (  19  |  -inch 

2,  500 

11°  43'  49" 

11.32 

3+ sand. 

twist). 

3,  500 

290  45'  36" 

10  in  sand. 

80 

500 

1,  268.  5 

12.  67 

1,500 

40  3rt'  37" 

2,  000 

8°  16'  2" 

3+ sand. 

2,  500 

110  43'  49" 

"n.4 

5.  25. 

3,  200 

20°  51'  37" 

24-9and. 

3,  500 

290  45'  36" 

10  in  sand. 

*  Mean  of  all  at  both  trials ;  in  many  instances  anomalous.  t  Grooved  and  lubricated. 
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Summary  of  results  of  long-range  firing  at  Springfield,  Mass.  <f'c. — Continued. 


u 

<u 

0 

xviiles. 

of  powd 

of  balls. 

locities. 

:  elevatii 

flight. 

on  in  TV 
ine. 

> 

0 

0 

<A 

Weigh 

Initial 

o 

J 

Eangei 

Angles 

Times 

Penetr 

Ch-s. 

Gts. 

Feet 

Foot-lbs. 

V  rl 

Inches. 

Springfield,  long- 

70 

5U0 

1  .yOft 

9 

11 

^  000 

170 

4o  1 1 

1.^.  5 

l-f-6  to  8  in  sand. 

I'HDfie    ( 1  8  -  i  n  c  h 

3  ."iOO 

270 

1  3(5// 

21  2 

* u  in  SH iKi. 

twist). 

80 

500 

1  oan 
1,  •icu. 

9 

12.  87 

17° 

4"*'  1 1" 

15.  25 

1  f  H  to  8  in  sand. 

3  500 

27^- 

12'  36" 

20 

<i-t-n  III  Hrinii. 

70 

500 

1  205 

8 

11.3 

2  5'i0 

11° 

3  to  4  ill  sand. 

000 

19° 

47' 

16!  5 

6  to  8  in  sand. 

3.  500 

N.. 

10  ill  sand. 

Sharp's  (Borchardt) . 

80 

500 

1,  266. 

4 

13.  63 

2.  .^00 

12° 

:v  0" 

li.25' 

3  to  4  ill  .sand. 

3  000 

19° 

14'  33" 

16.  25 

1  +  6  in  sand. 

3.  500 

No 

1  ec()r<l. 

10  in  aaud. 

Martini- Henry .   

85 

480 

1,  263. 

4 

12.  5 

2,  000 

l)0 

48'  .=)7" 

3-l-8and. 

2,  500 

1.50 

12'  30" 

""1*4.  .5  ' 

2.5 

3.  000 

•..'2° 

21'  34" 

17.  67 

5  in  sand. 

3,  200 

26° 

51'  0" 

6  in  saudw 

3,  500 

Fai 

le<l  tore 

ach  tar 

get. 

CARBINES. 

Spiingfitld              . . 

55 

405t 

1,  112. 

9 

7 

1,  500 

6° 

38'  5" 

5.  75 

I.  5-^-8and. 

2,  000 

1()0 

12'  43" 

10.  .37 

1.5. 

70 

405t 

1,  262. 

5 

9.6 

1,.5m0 

6° 

■.\r<'  5" 

5  5 

3. 

2,  000 

21'  8" 

9.  62 

1.  5 -{-.sand. 

2,  .50  1 

|f.O 

47'  7" 

23.  3 

1-f-saud. 

Springfield  (18-inch 

70 

405+ 

1,  250. 

5 

9.6 

1.  00 

6° 

28'  25" 

5.5 

3. 

twisi). 

2  000 

90 

,/  47/' 

9.56 

1.  75. 

Martini-Henry  

70 

410 

1, 126. 

5 

9.6 

1,  .'iiiO 

3-1- sand. 

2.  000 

10° 

16'  1" 

9.  37 

1.  5+sand. 

2,  500 

170 

19'  31" 

15.  25 

1.  75. 

*Mean  of  all  at  both  trials;  in  many  in.stauces  anomalous.  t Grooved  and  lubricated. 


National  Armory, 
Sprhigjield,  Mass.,  June  26,  1880. 

The  Chief  of  Ordnance,  U.  S.  a., 

M^ashington,  D.  C.  : 
Sir  :  I  have  the  honor  to  forward  herewith,  for  the  information  of  the 
dei)artnient,  tlie  tinal  report  of  the  experiments  made  by  Oai)tain  Greer, 
uiMler  niy  instructions,  with  a  view  to  improve  the  range  and  accuracy 
of  lire  of  the  service  small  arms. 

Very  respectfully,  your  obedient  servant, 

J.  G.  BENTON, 
Colonel  of  Ordnance,  Commanding. 


National  Armory, 
Springfield,  Mass.,  Jane  22,  1880. 
Sir  :  In  my  report  of  November  15,  1879,  on  long-range  tiring,  it  was 
stated  that  trials  would"  be  made  for  the  purpose  of  ascertaining  the 
accuracy  of  heavy  bullets,  grooved  and  lubricated,  tired  from  ritles  with 
various  twists  and  number  of  grooves,  as  compared  with  the  service  and 
patched  bullets  tired  from  the  Springfield  service  and  long-range  ritles 
resi^ectively. 


UKPOirr  OK  rwK  c\i\i]v  of  okdnanck. 


Bull(^ts  (lilt'criiijH'  in  wei^^lit,  luinlness,  wiliber,  afid  loi'in  liavo  been  ox- 
pei'iiiKMitcd  with  for  t\io  tollowiiiii:  ivjisoiis:  Witli  i'OS|)<M*.t  to  wci^j^lir, 
because  it  was  touiul  that  a,  hM  <i('l.\  iiicroascMl  raii^c.  c.oiihl  be  ol)tain<Ml 
without  (*-liaM*:in<;"  otlicr  c.oiMlitions  simply  by  iiicrcasiiiii"  tiie  weight  of 
t)ie  s(M'vic^  bnlh't  about  ouc  fourth,  and,  as  was  previously  wdl  known, 
with  less  liability  of  the  bullets  bein^  dellected  by  winds. 

Variations  in  hardness  were  rna,(h'  lor  the  purpose  of  diminishin<j:,  if 
not  (M'a(liea.tin«i',  "  leadinji" "  of  the  ij;i'oov<*s.  This  is  to  so  ne  extent  in- 
<'idental  to  the  use  of  unpaie-hed  bulh  ts;  but,  unless  aluiorinal,  lias 

;  been  shown  by  our  lon<»" experience  to  hav  e  iitt!(^  or  iioeft'ect  <ni  accuracy. 
This  is  ch^arly  nianitest  from  the  comparative  records  in  liiis  report  of 
the  naked  and  patched  bullets,  althoujih  it  mi^ht  have  been  reasonably 

:  ex|)e(^ted  that  there  would  be  nuue  (h'cided  hnidin^  with  the  h)ng,  heav\y 
bullets  than  with  the  shoiter  and  lighter  onesiu  our  service. 

Variations  in  diameter  of  the  bullet  were  made  because  when  using 

!  softer  bidlets  the  "ui)settin^  "  due  to  the  shock  was  sufticieiit  to  fill  the 

j  liTooves  and  insuie  rotation.  Finally,  bulleis  with  Hat  bases  and  points 
were  tested  with  the  view  both  of  shorteninj^'  the  total  !en.i>th  of  the 

I  cartrid.i'e  and,  if  the  a(5curacy  were  found  ejpiaHy  ^ooil,  i  »  i»ive  a  safer 

I  cartridge  for  nia<»azine  guns. 

i  Variations  were  also  made  in  the  i)owder  charge,  7o, 
grains  being  tried,  -eventy  gr  tins  was  largely  adlimrd 
<5a])acity  ot  the  present  service  shell,  and  it  wis  nor  r  io  i 
iiidess  absolutely  necessary,  to  reclia.  nb  m'  the  li  ms  \ 
vice  toi-  a  cartri<lge  wdiich  the  average  snhli  r  is  ii  .ei  1\ 
because  of  the  recoil,  and  still  more  because  io  d  ri  >iiifs  veiv  obtained 
w  th  this  charge  an<l  heavy  bullet  as  wirn  ('ar  fully  prepuivd  cartridges 
<!ontaining  tStI  grains  and  i)atched  bulh't.  Moreov^er,  if  r  tnge  alone  be 
desired,  tlie  addition  <>f  a  few  grains  of  powder  has  very  little  api)reciable 
effect.  In  favor  of  the  hea\  ier  charge  is  the  higher  initial  s  elociry  with 
corresponding  tlatness  of  trajectory  and  increased  dangeious  si)ace  at 
ordinary  ranges.  Oj)posed  to  it,  in  addition  to  the  reasons  mentioned 
above,  is  the  increased  weight  and  incomeiii  •  -e  ot  carrying  the  lotiger 
cartridge.  Various  brands  of  powdei-  were  i.  1  in  these  ti  ials  with  (he 
view  of  finding  the  best  combination  posMlti. 

Rifles  w«  re  tested  with  twists  and  grooves  ,  s  follows: 


,  SO,  and  iH) 
>,  being  tlie 
it  <lesirabi 
;iins  ia  s  -r 
ial)le  to  lire 


Spriitfifield  service,  caliber  45  ..... 

S|ii iiiiitieM  siiei  ial,  c.iMver  4.'>   

f?pi iiifitii  lfl  specinl,  iMlii>ei-  A  :i'> 
Siiriiiiitield  loiio  iHu^     CiiMin  i  .<l>-.i.) 

f>piini;ti>  1<I  servK-e,  >>  iih  lenotliened  chaiiiln'r,  calibi-r  .4't 
Spi iii<ftiel<i  special  with  leiijitheiieti  cliaini>er,  calild  r  .4.'>  >;" 


Twist. 


•^■^  'iKjhes. 
IH  iu.  hes. 
I"  !■  vbe-*. 
1!  I  iiichefi. 
-^i  inches. 
\f<  inches. 


Tlie  first  three  have  been  fired  mainly  with  70  grains  powder  and 
500  grain  bullet,  the  latter  with  80  grains  powder  ami  same  bullet,  or 
])atched  bullet  of  ecpial  weight.  The  lubricant  employe<l  in  all  cartridges 
iue])ared  at  this  i)ost  w  as  sperm  oil  and  beeswax,  while  that  in  cartridges 
manufactured  at  Frankford  Arsenal  was  "Japan  wax."  Tlie  former  has 
been  found  to  give  the  best  results  for  accuracy,  though  it  is  uncertain 
whether  its  use  would  be  advisable  for  cartridges  likely  to  go  in  store, 
owing  to  the  liability  ot  acid  to  be  i)resent  in  tlie  oil. 

Considering  the  number  of  variables  entering  the  i)roblem  to  be 
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solved — that  is,  to  get  tlie  best  accuracy  with  increased  range  and  mod- 
erate recoil  and  still  have  a  practical  form  of  cartridge  for  service — the 
number  of  targets  is  comparatively  limited. 

Enough,  however,  has  been  obtained  to  show  that  rifles  with  either 
3  or  6  grooves,  with  a  twist  as  rapid  as  18  inches,  have  no  sui)eriority 
over  the  service  with  the  twist  of  22  inches. 

The  twist  of  the  service  rifle  was  found  ample  even  for  a  bullet  of  a 
length  nearly  one-third  greater  than  the  service. 

In  support  of  this  statement  is  the  excellent  record  made  with  the  ser- 
vice gun  chambered  for  a  shell  2.4  inches  long,  loaded  both  with  80  and 
90  grain  charges  and  550-grain  bullet,  the  latter  being  1.45  inch  long  or 
nearly  3J  calibers.  The  accuracy  was  very  satisfactory,  but  the  recoil 
of  a  9-pound  gun  when  firing  such  a  cartridge  was  so  severe  as  to  pre- 
clude its  use  in  service. 

It  should  be  borne  in  mind  in  reference  to  the  latter  statement  that  the 
initial  velocity  of  the  SSO-grain  bullet  with  90  grains  powder  crimped  in 
the  shell  in  the  usual  manner  is  greatly  less — about  45  feet — than  that 
of  the  i)atched  bullet  of  the  same  weight  when  fired  with  120  grains  of 
powder.  This  is  due  to  the  more  perfect  development  of  gas  in  the  former 
case,  the  resistance  to  the  bullet  leaving  shell  and  bore  being  much 
greater.  The  velocity  of  the  500-grain  patched  bullet  fired  with  80 
grains  of  powder,  in  the  long-range  Springfield,  is  exactly  that — 1,270 
feet— of  the  grooved  and  lubricated  bullet  of  the  same  weight  fired  with 
70  grains  of  ])owder  in  the  servi(^e  rifle. 

The  cartridges  prepared  at  this  aruiory  gave  better  results  for  accu- 
racy than  those  received  from  Frankford  Arsenal.  This  may  be  due  to 
any  one  of  several  causes,  possibly  to  all.  The  bullet  as  made  there 
was  not  an  exact  duplicate  of  the  model ;  the  powder  was  of  materially 
higher  velocity  than  that  used  here,  though  in  one  case  obtained  at  the 
same  works — the  Hazard  Powder  Company's.  The  lubricant  differed,  as 
before  stated,  as  did  also  the  crimping  of  the  shell. 

Summaries  of  the  results  of  tiring  at  1,000,  800, 500,  and  300  yards  are 
appended,  together  with  the  record  of  each  day's  firing.  From  the 
former  it  will  seen  that  the  service  rifle  with  70  grains  Hazard  F.  G. 
powder  and  500-grain  bullet,  ■^^r  tin,  grooved  and  lubricated  essentially 
like  the  service,  gives  an  absolute  deviation  of  24.9  inches  at  1,000,  14.9 
inches  at  800,  9.6  inches  at  500,  and  3.7  inches  at  300  ynrds.  * 

The  same  rifle  chambered  for  an  80-grain  powder  charge,  other  condi- 
tions being  the  same  as  before,,  gives  a  deviation  of  21.5  inches  at  1,000, 

16.3  inches  at  800,  8.1  inches  at  500,  and  4.6  inches  at  300  yards. 
Comi)aring  these  results  with  the  known  performance  of  the  service 

rifle  with  the  best  service  cartridge  that  has  been  produced,  which  is 

28.4  inches  at  1,000,  18.1  inches  at  800,  8.7  inches  at  500,  and  4.5  inches 
at  300  yards,  these  being  the  average  from  a  number  of  rifles,  it  will  be 
seen  that  there  is  little  or  no  advantage  in  the  heavier  bullet  at  ranges 
under  800  yards.  At  1,000  yards  the  superiority  of  the  heavy  bullet  is 
apparent  with  both  70  and  80  grains  powder,  being  most  so  with  the 
latter.  It  only  remains  to  compare  the  previous  records  with  that  of  the 
"long  range  Springfield  rifle,"  with  its  special  ammunition,  a  cartridge 
which  is  utterly  unfit  for  any  jjurpose  other  than  that  of  the  target  ground. 

The  absolute  deviation — cartridges  being  most  carefully  prepared — 
was  found  to  be  24.1  inches  at  1,000  and  8.3  inches  at  500  yards.  This 
is  about  the  same  as  the  service  rifle  with  70  grains  powder  and  500 

'This  record  was  largely  made  daring  the  winter  and  spring,  when  the  weather  was 
Tery  unfavorable  on  account  of  cold  and  heavy  winds. 
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gruiiis  bullet  at  1, ()()()  yards,  and  the  service  with  the  service  cartridge 
at  r>()()  yards. 

From  the  above  it  will  be  seen  that  but  little  is  gained  in  point  of 
accuraxiy  over  the  ])resent  service  combination  of  rifle  and  cartridge  at 
ranges  at  which  ac(iuracy  in  the  sense  of  target  or  shar})shooting  is  of 
much  im])ortance,  that  is,  at  ranges  at  which  individual  objects  may  be 
struck.  There  is,  it  is  true,  a  slight  gain  beyond  500  yards  with  the 
heavy  bullet,  but  its  chief  advantage  when  tired  with  70  grains  of  pow- 
der is  to  be  found  in  the  fact  that  a  greatly  increased  range  may  be  at- 
tained which  may  be  utilized  in  firing  at  troops  in  masses.  With  80 
grains  of  powder  we  recover  the  velocity  previously  lost  by  the  use  of 
this  bullet,  and  consecpiently  flatten  the  trajectory  at  short  ranges  to 
corresi)ond  with  the  service.  We  have,  therefore,  a  choice  of  three  com- 
binations— first,  that  already  existing;  second,  the  rifle  remaining  abso- 
lutely the  same,  one  in  which  tlie  cartridge  alone  is  changed  by  replacing 
the  405-grain  bullet  by  one  of  500  grains ;  and,  third,  rechambering  all 
rifles  in  service  for  a  shell  2.4  inches  long,  using  80  grains  of  powder  and 
the  bullet  last  mentioned. 

The  advantages  of  the  first  system  are  too  well  known  to  require  enu- 
merating. Those  of  the  second  are  to  be  found  in  the  fact  that  we  can, 
without  expense,  attain  results  up  to  several  hundred  yards  at  least 
equal  to  and  at  points  beyond  slightly  better  than  with  the  service  com- 
bination, while  we  can  increase  its  maximum  range  about  700  yards. 
This  is  accomplished  at  the  cost  of  a  somewhat  greater  recoil,  together 
with  increased  load  to  the  soldier,  100  cartridges  weighing  about  1  lb. 
and  6  oz.  more  than  the  same  number  of  the  service.  Finally,  with  the 
80-grain  charge  and  heavy  bullet  we  can  slightly  better  the  results  of 
the  second  combination,  but  this  is  accomplished  at  the  cost  of  still 
greater  recoil  and  increased  weight  to  be  carried,  100  cartridges  weigh- 
ing 2  lbs.  1  oz.  more  than  the  same  number  of  the  service.  In  addition 
is  the  expense  of  rechambering  the  hundred  or  more  thousands  of  riHes 
already  manufactured.  Still,  if  the  Army  is  desirous  of  this  system,  the 
expense  to  the  Ordnance  Department  should  not  be  considered. 

One  important  application  of  this  cartridge,  if  adapted  for  service, 
would  be  for  machine  guns.  These  should  possess  the  power  of  throw- 
ing shots  at  the  greatest  practicable  ranges  at  troops  in  masses.  The 
opportunity  for  their  use  may  never  arrive  in  this  country,  but  the  re- 
motest contingency  should  be  provided  for. 

It  only  remains  to  add  that  of  all  cartridges  tried  that  prepared  at 
this  post  with  80  grains  of  Hazard  F.  G.  powder  of  a  velocity  from  1,310 
to  1,330  feet,  and  a  500-grain  bullet  tin,  with  lubricant  of  sperm  oil 
and  beeswax,  has  proved  the  most  satisfactory.  The  70-grain  cartridge 
prepared  in  a  similar  manner  has  also  given  excellent  results,  i^o  lead- 
ing of  moment  has  been  found  with  either  of  these  cartridges,  and,  what 
is  still  more  satisfactory,  no  other  rifle  is  required  for  their  use  than  the 
servic(^,  with,  for  the  80  grain  charge,  a  lengthened  chamber. 
Very  respectfullv,  your  obedient  servant, 

JOHN  E.  GEEER, 
Captain  of  Ordnance^  TJ.  S.  A. 

To  the  CoMMANDiNa  Officer,  National  Armory. 
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Summary  of  results  of  firiny  at  1,000  yards. 


xtiiie. 

Powder. 

Bullet. 

No.  of  targets. 

Mean  deviations. 

xve  marKs. 

it 

Kind. 

Caliber. 

Kind. 

Grs. 

In 

St^i  vice.  22-incb 

70 

Sej  \  ice 

4(1.5 

.458 

Service   

14 

27.6 

Bnll'  t  1-16  tin. 

twist,3  grooves. 

Hazard.  F.  G 

480 

.44« 

XjOTtg-i'ringe  Springfield, 

6 

2  5.  8 

Bullet  1-19  tin. 

grooved  and  lubricated. 

12 

70 

.  do 

4!I0 

.458 

Like  .service   

24.  1 

Bullet  1-12  tin. 

70 

...  do  ... 

500 

4.5^ 

Like  servict^,exce|>t  flat  base 

12 

2-1  7 

Bulb  t  112  Tin. 

70 

..  do 

5t)0 

.450 

Fhii  I'ane ;  flat  point  

2 

■M.  2 

Bullet  112  tiu. 

70 

.  do.... 

5(10 

.4.^fi 

Flat  point  No  2  

2 

2t.  (i 

Bullet  1- IH  tin. 

70 

.■  00 

.  4.^"2 

Flnt  point  No.  I   . 

2"*.  4 

Bullet  I  \f<  tiu. 

fi  . 

..  do"  ... 

500 

45.55 

4 

32.  8 

Bullet  1-12  tin. 

70 

..  do  .. 

5<I0 

.4.5.V> 

Like  -service  

19 

27.  4 

Bullet  1-12  1  in. 

70 

do  .. 

500 

.  4555 

Like  .service  

43 

24  9 

Mullet  1- 16  tin. 

70 

do  .. 

5  0 

.4.58 

Like  set  vice;  machine  made 

19 

•^\K  I 

BuH'  t  1  12  tin. 

-0 

do 

500 

.45S 

Like  sei  vice;  mHchineinade 

18 

30  5 

Bullet  I- 17  tin. 

7,1 

Ori.  nral 

.lOO 

.4.58 

12 

2' I  6 

Bullet  1-12  nil. 

70 

do 

500 

.458 

Like  service;  machine  made 

12 

26.  9 

Bullet  117  tin. 

18-inch  twist,  3 

70 

Hazard,  F.G. 

480 

.446 

Long-range  Springfield, 

22 

Bullet  1-19  tin. 

grooves. 

giooved  and  lubii'-ated. 

70 

...  do  .... 

4!»0 

458 

Like  .service 

4 

25 

Bullet  1-12  tin. 

70 

....do  .... 

5011 

.4.58 

Like  ser  vice,  except  flat  base 

2 

33  4 

Bullet  1- 12  tin. 

70 

do  .... 

500 

450 

Flat  base;  flat  point   

2 

24.  3 

Bullet  1- 1 2  tin. 

70 

...do 

5(111 

.45'i 

Flat  base  No.  2  

2 

24  5 

Bll'[let  1  -If  tiu. 

70 

...do  .. 

500 

.4-12 

TTl-jr  liuut.  "NT.  1  1 

I 

20.3 

Bidlei  l-l-  tin. 

70 

...  d<»  .... 

500 

.45.>5 

2 

25 

Bullet  1  12  tin. 

70 

do  .  .. 

500 

.4.58 

Like  service:  machine  made 

2 

20 

lii  11'  t  1-12  tin. 

70 

.    do  .. 

50 

.4.5H 

Like  serv  ice ;  macbine  made. 

2 

29.4 

Bullet  1-17  tin. 

70 

Dupont  .. 

500 

.458 

Like  service;  macbine  made 

2 

.50.3 

Bullet  112  tin. 

18-inrh  twist,  6 

70 

Hazai  d,  F  G. 

480 

.446 

Long-range  Springfield. 

2 

18.  6 

Bullet  1-18  tin. 

grooves. 

grooved  and  lubricated. 

70 

..  do  .... 

49 

.458 

Like  .service 

4 

29.  1 

Bullet  1-12  tm. 

70 

.    do  . 

50(1 

.4.5d 

Like  service. except  flat  base 

2 

26.9 

J>u  1  let  I  - 12  tin. 

70 

...  d<.  .... 

500 

.456 

Flat  base  ;  flat  poiut 

2 

26 

Bullet  1-12  tin. 

70 

.  do.... 

.")00 

.4  6 

Flat  point  No  2   

2 

27.3 

Bullet  1  IH  tiu. 

70 

..  do  .  .. 

500 

.4  2 

1 

28.  1 

Bullet  1  -18  tin. 

70 

do  .  . . 

500 

.452 

1 

17.8 

Bullet  1-12  tin. 

Service  with 

70 

Service  . . 

405 

4.58 

4 

24.8 

Bullet  1-10  tin. 

length  ened 

H> 

Haza  d,  F. 

G 

.'SOU 

455.'S 

Like  sejvice  

21 

21.  5 

Bullet  1-16  tin. 

chamber.  •  2-2- 

80 

<lo  - 

.M)0 

.45.55 

Like  service   

IH 

24.  2 

Bullet  I  12  tin. 

inch  twist,  3 

80 

do  . ... 

o.iO 

.4.58 

Like  service   

7 

24  1 

xiiillet  l-l  4  Tin. 

grooves. 

90 

..  do  ... 

5.5(1 

.4.58 

T,ike  ser  vice   

3 

24  7 

Bullet  1- 12  tin. 

!-0 

...  «lo  ... 

5(10 

.4.58 

Like  service;  machine  made. 

16 

26.5 

Bullet  1-12  tin. 

80 

do  .. 

500 

.4.5H 

Like  service  ;  machine  maile 

7 

32.  1 

Kill  let  1-17  tiu. 

80 

Oiiental. 

500 

.4.58 

Like  service  ;  macbine  made 

10 

30  5 

Bullet  1-12  tin. 

80 

do  ... 

500 

.458 

Like  ser\  it  e  ;  machine  made 

9 

2^^.5 

Bullet  1-17  tin. 

7.T 

Duj)ont  .. 

5  0 

.458 

Like  sej  vice:  machine  made 

0 

25  2 

Bullet  1-12  tiu. 

80 

.    do     .  - 

500 

.458 

Like  service ;  machine  made 

4 

27.  1 

Bullet  1-12  tin. 

liOn  g-ran  ee 

80 

Hazard,  F. 

G 

500 

.446 

16 

24.  1 

Cal.  of  bullet 

S  |>  r  i  n  g  field, 

M  hen  patched, 

l^f-inch  twist. 

4^3. 

C  grooves. 

Bullet  1  19  tin. 

*Chainber  of  gun  lengthened  for  shell  2.4  inches  long. 
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JSunimary  of  results  of  Ji ring  at  800  yards. 


Rifle. 

Powder. 

Bullet. 

a: 
6 

Mean  deviations. 

Weight.  1 

Kind. 
• 

i  Weight,  j 

Caliber. 

Kind. 

Orn. 

Jn. 

Service,  22  lucn 

8U 

Hazard  F  G. 

5U0 

.4555 

3 

14.  9 

Ballet  1-16  tin. 

twi.st.H  >>roiives. 

Service,  with 

75 

Dupont   

500 

.458 

Like  service;  machine  made 

14 

16.  97 

Bullet  1-12  till. 

leii  jr  t  h  e  li  ed 

80 

do  .... 

Like  .stir vice ;  machine  tnade 

10 

20.  46 

Bui  It' t  1-12  tin. 

clifviiibi-r  *  22- 

80 

Hazard,  F.G. 

500 

.458 

Likesi-rvicti ;  maciiinemaile 

6 

17.  45 

Hill  let  1-1  i  tin. 

iucli   t  wist, 

8:) 

. . .  do  

500 

.4 -.8 

Like  ser\  i(!e ;  machine  made 

4 

16.3 

|.j  <  .  11  ..4-    1     IT       i  .. 

rSiiilt'l)  1  - 1  (  Til u. 

3  jiroovtjs. 

80 

..  do   

.■iOO 

.4  .55 

Like  service   

4 

18.2 

T>.,  11..*.    1     1  •>  . 

±>U llet  1  -la  till. 

80 

..do 

50i» 

8 

16.3 

Bullet  1-16  tin. 

18  inch  twist, 

80 

Hazard,  F.G. 

500 

.4555 

Like  service   

10 

15.5 

Bullet  L16  tin. 

6  iiv  »>  <)  V  e  8, 

■with  length- 

ened cbaiu- 

ber.* 

Lo  n  g-ra  n  ge 

^0 

Hazard,  F.H. 

500 

.446 

5 

16.4 

Cal  of  bullet 

Spring  Held, 

when  patched, 

19g-iiich  twist, 

.4.53. 

6  grooves. 

Bullet  1-19  tin. 

*  Chamber  of  gun  lengthened  for  shell  2.4  inches  long. 
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REPORT  OF  THE  CHIEF  OF  ORDNANCE. 

Summary  of  results  of  firing  at  500  yards. 


Powder. 


Ors. 
70 
70 

70 
70 

70 
70 
70 
70 
70 
65 
67 
70 
70 
70 
70 
70 
70 

70 
70 

70 
70 
70 
70 
70 
70 

70 
70 

70 
70 
70 
80 
80 


Kind. 


Service   

Hazard.F.G. 

...do  

.do  

...do   

...do   

...do   

...do   

. .  do  

..do  

...do  

...do   

. .  do  

Dupont . . . 
Orit^ntal  .. 

do  .  ... 
Hazard.F.G. 

....do   

.-..do   

...do   

...do   

....do   

..do  

Dnpont  

Hazard.F.G. 

....do   

....do   

....do   

...do   

. .  -  do  

Hazard.F.G. 
 do  


Service  — 
Hazard.F.G. 

..do  

..do  

Oriental  .. . 

...do   

Hazard.  F  G 

...do   

Dupont  

...do   

Hazard.F.G 

...do   

Dupont.. . . 
Oi  iental  . . . 


Bullet 


Grs. 
405 
480 

490 
500 

500 
500 
500 
500 
500 
500 
5  0 
500 
500 
500 
500 
500 
480 

490 
500 

500 
50n 
500 
500 
5110 
480 


,458 
446 

458 

458  i 

458  1 
458  i 
4-. 
4555 
4.555 
4.5.J5 
4555 
458 
4.58  ' 
4.58  ; 
458 
458  I 
446  I 

458  ! 
458 

458 

45 

458 

45.55 

4.58 

446 

458 
458 

458 
45 
4.58 
4555 
458  . 


458 
4.58 

45.55 
4555 
458 
.4.58 
,458 
,458 
,4.58 
,4.58 
,458 
446 
,446 
,446 


Kind. 


Service  

Long-range  Springfield, 

groove  and  lubricated. 

Like  service   

Used  at  bandy  Hook ;  full 

at  point. 

Shoulder  at  front  of  shell  

Like  service,  except  at  base 

Flat  base;  flat  point  

Like  service  

Like  service  

Like  service   

Like  service  

Like  service;  machine  made 
Like  service;  machine  made 
Like  service;  machine  made 
Like  service  ;  machine  made 
Like  service;  machine  made 
Long-range  Springfield. 

grooved  and  lubricated. 
Like  service. 

Used  at  Sandy  Hook;  full 

at  point. 
Shoulder  at  front  of  shell. . . 

Flat  base;  flat  point   

Like  service,  except  flat  base 

Like  service     . 

Like  service;  machine  made 
Long  lange  Spr  i  n  g  fi  e  1  d  , 

grooved  and  lubricated. 

Like  service    , 

Used  at  Sandy  Hook;  full  at 

point. 

Shoulder  at  front  of  shell. . . 

Flat  base ;  flat  point  

Like  service,  except  flat  base 

Like  service    

Like  service ;  machine  made 


Service   

Like  service  

Like  service  

Like  service   . .  - 

Like  service;  machine  made 
Like  service;  machine  made. 
Like  service ;  machine  made 
Like  service;  machine  made 
Like  service;  machine  made 
Like  service;  machine  made. 

Like  service  

tPatched  

t  Patched  

tPatched  


In. 
9.4 
10.1 


13.5 
10.5 

9.6 
10.2 

8.7 
10.2 

9.5 
12.8 

9.  1 
II. 6 

8.2 

10.5 
12.9 

10.5 
10.  3 
10.4 
9.5 
10.3 


8.5 
10.9 

14.1 
17.6 
10.3 

8 

12.1 


9.7 
7.7 

8.5 


8.3 


Eemarks, 


Bullet  1-16  tin. 
Bullet  1-19  tin. 


Bullet  1-12  tin. 
Bullet  1-12  tin. 


Bullet  1 
Bullet  1 
Bullet  1 
Bullet  I 
Bullet  1 
Bullet  I 
Bullet  1 
Bullet  1 
Bullet  1 
Bullet  I 
Bullet  I 
Bullet  I 
Bullet  1 


-12  tin. 
-12  tin. 
-12  tin. 
-12  tin. 
-16  tin. 
-12  tin. 
-16  tin. 
12  tin. 
-17  tin. 
-12  tin. 
-12  tin. 
-17  tin. 
-19  tin. 


Bullet  1-12  tin. 
Bullet  1-12  tin. 

Bullet  1-12  tin. 
Bullet  1-12  fin. 
Bullet  1-12  tin. 
Bullet  1-16  tin. 
Bullet  1  12  tin. 
Bullet  1-19  tin. 

Bullet  1-12  tin. 
Bullet  1  12  tin. 

Bullet  1-12  tin. 
Bullet  1-12  tin. 
Bullet  1-12  tin. 
Bullet  1-16  tin. 
Bullet  1-12  tin. 


Bullet  1 
Ballet  1 
Bullet  I 
Bullet  1- 
Bullet  1 
Bullet  1 
Bullet  1 
Bullet  1 
Bullet  1 
Bullet  1 
Bullet  1 
Bullet  !■ 
Bullet  1 
Bullet  1 


16  tia. 
12  tin. 
12  tin. 
16  tin. 
12  tin. 
■n  tin, 
•12  tin. 
-17  tin,' 
-12  tin. 
-12  tin. 
-12  tin. 
■19  tin. 
•  19  tin. 
■19  tin. 


*  Chamber  of  gun  lengthened  for  shell  2.  4  inches  long. 


t  "When  patched,  caliber  .453. 
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Summary  of  results  of  firimg  at  300  yards. 


9 

Rifle. 

Powder. 

Bullet. 

No.  of  targets. 

1  Mean  deviations. 

Remarks. 

1  Weight. 

Kind. 

I  Weight. 

j  Caliber. 

Kind. 



Ors. 

Ors. 

In. 

  ,  — .  

Service,  22-inCD 

70 

40.") 

.458 

Service 

1 

4.  I 

uuiiet  i-in  tin. 

twist,  three 

70 

Hazard,  F.G. 

490 

,  458 

3.  3 

Jlullet  l-la  tin. 

grooves. 

70 

...do  

490 

.  45(5 

Flatl)ase;  flat  point  

} 

5.8 

i3iiiier  L- DID. 

70 

...  do   

500 

.  456 

Flat  ba.so  ;  flat  point   

5.2 

Bullet  1-16  tin. 

70 

....do   

500 

.45 

1 

14.2 

Bullet  I- 12  tin. 

70 

. .  do  

500 

.  45 

1 

24 

Jjuiieu  i-io  via. 

70 

....do  

500 

.458 

Used  at  Sandy  Hook ;  full  at 

1 

5.8 

i>u  t  leij  L  -  itu  Lin. 

point. 

1 

5.4 

ijuiiet  1-14  uu. 

70 

...do   

500 

.  458 

Shoulder  at  front  of  shell  .. 

70 

...  do  ....... 

500 

.  4555 

3.7 

xiuiieu  i-iD  Din. 

70 

. .  do  

500 

.458 

Like  service  -,  machine  made 

4 

iiiiueir  1- 1  z  I  in. 

70 

...  do   

500 

.458 

Like sei  vice ;  inatjhine made 

4 

5.1 

Bullet.  1-17  tin- 

70 

Oriental  

500 

.4.58 

Like  service;  machine  ujade 

6.  I 

Bullet  1-1-2  tin. 

70 

do  

50U 

.458 

Like  service ;  machine  made 

4 

5.  1 

riuiiet  1-1 1  iin. 

in /ill   ^nriof  Q 
lO-lDCIl  TjWISIi,  O 

70 

Hazard,  r.G. 

490 

.  458 

Like  service  

\ 

2.  5 

jjuiieii  1-1  «j  Tin. 

grooves. 

70 

...do   

500 

.  458 

Used  at  Sandy  Hook ;  full  at 

5.  1 

xiuueij  1-1.^  [in. 

point. 

70 

...do   

500 

.458 

Shoulder  at  front  of  shell  . . . 

1 

7.3 

Bullet  1-12  tin. 

70 

...  do   

500 

.45 

1 

5.3 

Bullet  11 2  tin. 

70 

...do   

500 

.45 

1 

6.2 

JtSlllltMj  I-IO  Tjin, 

70 

do 

500 

.456 

Flat  base  •  flat  point 

1 

8.6 

Rii  llii^  1    1  ^  -fi  n 

X>U116L  l-iO  llU* 

lo-incu  twist,  o 

70 

Hazard.F.G 

490 

.  458 

} 

4.  5 

grooves. 

70 

...do  

500 

.458 

Useil  at  Sandy  Hook ;  full  at 

4.1 

Bullet  1-12  tin. 

point. 

70 

....do   

500 

.458 

Shoulder  at  front  of  shell  . .. 

1 

8.4 

xSUlieO  L-14  (jlu. 

70 

. .  do  

500 

.45 

Flat  base ;  flat  point   

1 

14 

"Pit  lloi-   1   1  .J  -f  in 

jjuiiet  i-Lz  tin. 

70 

...do  

500 

.456 

4.2 

jjuiiei  1-10  bin. 

IS-inch  twist, 

80 

Hazard,F.G 

500 

.  4.555 

Like  service  

14 

4  9 

■Rnllof  1   1  fi  +in 

jjuiiet  i-io  Tin. 

b  grooves. 

80 

....do   

500 

.458 

Like  service ;  machine  made 

4 

nil  L^-t-  1    1  .)  +in 

jiujiex)  1-14  Lin. 

with  length- 

80 

Dupont  

500 

.458 

Like  service ;  machine  made 

2 

5.6 

Bullet  1-12  tin. 

ened  cham- 

ber. 

oervice,  w  1 1  dl 

80 

xiazarii,  a  .yx 

50'i 

.  4555 

4 

4.6 

xiuiiei  i-iD  Tin. 

1  e  n  g  theoed 

80 

....do  

500 

.458 

Like  service :  machine  made. 

7 

5.5 

Bullet  1-12  tin- 

chamber,* 

8^1 

...do  

500 

.458 

Like  service;  machine  made 

3 

4.7 

Bullet  117  tin. 

22-inch  twist. 

80 

Oriental  

500 

.458 

Like  service;  machine  made 

3 

6.  1 

Bullet  1-12  tin. 

3  grooves . 

80 

....do   

500 

.458 

Like  service ;  machine  made 

1 

7.6 

Bullet  1-17  tin. 

80 

Dupont  

.500 

.4.58 

Like  service  ;  machine  made 

9 

5.9 

Bullet  1-12  tin. 

75 

...do  

500 

.458 

Xike  service ;  machine  made. 

3 

4.8 

Bullet  1-12  tin. 

Long-ran  ge 

80 

Hazard.F.G 

500 

.446 

Patched  

6 

4.2 

Bullet  1-19  tin. 

Springfi  e  I  d. 

Caliber  of  bul- 

1  9  1  -  i  n  c  h 

1  e  t  when 

twist,  6 

patched  .453. 

grooves. 

*  Chamber  of  gun  lengthened  for  shell  2.  4  inches  long. 
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1,000  yards  range. — January  3,  18b0. 


Powder. 

Bullet, 

Deviations. 

Eifle. 

cs 

ight 

!Kind. 

ber. 

Jbcina. 

o 

M.,  tx. 

M.  V 

M.  A. 

> 

^ 

G-is. 

Grs. 



70 

Service   

405 

.  458 

Service,  1-lfi  tin  

17.  6 

21.  96 

30.5 

'.0 

....''O  

405 

.458 

2 

18.8 

25.7 

31.8 

Mean. 

18,2 

25.  33 

31.1 

Service  

70 

Hazard,  F.G.. 

490 

,458 

Like  service,  1-12  tin.. 

1 

9.7 

12.9 

16.1 

Service   

70 

....do  

490 

.  458 

Like  service,  1-12  tin  . 

2 

14.  56 

16.6 

22.  1 

Mean. 

12.  13 

14,7 

 ■ 

19.1 

IS  inch  twist,  3 

70 

..-.do   

490 

.  458 

Like  service,  1- 12  tin . . . 

1 

15.  55 

20.1 

25.4 

gfooves. 

18-iiich  twist,  3 

70 

..-.do   

490 

.  458 

Like  service,  1- 12  tin . . . 

2 

17,2 

15. 16 

22.9 

grooves. 

Mean. 

16.  37 

17.  63 



24. 1 

18-iDch  twist,  6 

70 

.-..do  

490 

.458 

Like  service,  1-12  tin. . . 

1 

2fi,  1 

23.9 

35.4 

grooves. 

18-inch  twist,  6 

70 

 do  

490 

.  458 

Like  service,  1-12  tin  

2 

25.  3 

11.  56 

27.  8 

grooves. 

Mean. 

25.7 

17.  73 

31.6 

Long-range  . . . 

80 

.-..do   

500 

.446 

Patched.  1-19  tin  

1 

23.4 

8.3 

24.8 

Long  range  ... 

80 

.--  do   

500 

.44K 

Patched,  1-19  tin  

2 

11.8 

11.04 

16.1 

Mean. 

17.6 

9.8 

20.4 

KKPORT  OF  THE  CHIEF  OF  ORDNANCE. 
1,000  yards  range. — January  3,  1880. 


Rifle. 


Serv  ice 
Service 

Service 
Service 


IS  incli  twist,  3 

grooves. 
IS  inch  twist,  3 


grooves. 


18-inch  twist,  6 

grooves. 
18  inch  twist,  6 

grooves. 


Long- range 
Long-range 


Powder. 


Kind. 


Service 
...do  .. 


Hazard,  F.  G. 
...do   


.do 
..do 


..  do 

...do 


Bullet. 


Ors. 
40.1 
4115 


500 
500 


500 
500 


500 
5(10 


500 
500 


,458 
458 


,458 

4:-.8 


458 
458 


4.18 
458 


446 
446 


Kind. 


Service,  1-lG  tin 
Service,  l-lti  tin 


Like  service,  except  flat 

lia.se,  1  1-.^  tin. 
Like  .service,  except  flat 

base,  tin. 


Like  service,  except  flat 

base,  til.. 
Like  sei  vice,  except  flat 

base,  1-12  tin. 


Like  service,  except  flat 

ba  e,  I- '  2  tin. 
Like  service,  except  flftt 

base,  1-12  tin. 


Patched,  1  19  tin. 
Patched,  1-19  tin. 


Mean. 


Mean. 


Mean. 


Deviations. 


M.IE. 


17.  G 
18.8 


1£.2 


1  10.3 

2  1  ^25. 


Mean.     17. 9 


20.8 
38.8 


20. 
18.3 


19.1 


23.4 
11.8 


[.  V 


24.  9(i 
25.7 


25.33 


11.3 
18.  It 


16.5 
10.  92 


13.71 


18.9 


8.3 
11.04 


[.  A. 


3(1.5 
31.8 


31.1 


15.3 
31.4 


23.8 


26.5 
40.3 


33.4 


28.  2 
25.7 


26.9 


24.8 
16.  1 


20.4 
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1,000  yards  range. — January  5,  1880. 


Powder. 

Bullet. 

set 

got. 

Deviations. 

Kifles. 

Weight. 

Kind. 

Weight.' 

Caliber. 

Kind. 

No.  of  tar 

JxL.  xl. 

A  T  XT 
iu..  V  . 

M.  A. 

Grs. 
70 

Service  . 

Grs. 
40.5 

.458 

Service,  1-16  tin 
Service,  1-16  tin 

1 

19.  25 

15.8 

24.9 

70 

....do  

405 

.458 

2 

18.9 

26.  04 

32.1 

Mean. 

19.7 

21 

28.5 

Service   

70 

Hazard,  F. 

G. 

500 

.456 

Flat  base ;  flat 

1-12  tin. 
Flat  base ;  flat 

112  tin. 

point, 
point, 

1 

16.  57 

22.  57 

,61.  t) 

Service   

70 

...do  

500 

.456 

2 

12.3 

21.  28 

24.6 

Mean. 

14.  43 

21.  92 

26.2 

18-mch  twist,  3 

grooves. 
18-iuch  twist,  3 

grooves. 

70 
70 

...do  

....do  

500 
500 

.456 
.  456 

Flat  base; 'flat 

1-12  tin. 
Flat  base  •  flat 

1-12  tin.  ' 

point, 
point 

1 

2 

13.  5 
11.8 

23.  9 
17.1 

27  9 
20.8 

Mean. 

12.6 

20 

24.3 

IS-inch  twist,  6 

grooves. 
18-inch  twist,  6 

g  rooves. 

70 
70 

...do  

....do  

500 
500 

.456 
.456 

Flat  base ;  flat 

1-12  tin. 
Flat  base ;  flat 

1-12  tin. 

point, 
point. 

1 

2 

14.7 
11.  32 

24.8 
20.2 



28.8 
23.2 

Mean. 

13.  01 

22 

26. 

liOng-range 
Long-range  

80 
80 

....do  

....do  

... 

500 
500 

.446 
.446 

Patched,  1-19  tin 
Patched,  1-19  tin 

2 

14.  84 
11.9 

11.64 
19.  08 

18.8 
22.5 

Mean. 

13.  37 

15.52 

20.7 

Service   

70 

Service  

405 

.  458 

Service,  1-16  tin 
Service,  1-16  tin 

1 

18.  9 

26.  04 

32. 1 

70 

....do.  

405 

.458 

2 

19.  25 

15.8 

24.9 

Mean. 

19.7 

21 

28.5 

Service   

70 

Hazard,  F. 
....do  

G 

480 

.446 

Long-range  Springfield, 
grooved  and  lubrica- 
ted,  1-19  tin. 

iln 

1 

7.4 

11.  V 

Service   

70 

480 

.446 

15.  16 

21.9 

26.6 

... 

Mean. 

11.  28 

15.  59 

19.  2 

18-inch  twist,  3 

grooves. 
18-inch  twist,  3 

grooves. 

70 

—  do  

480 

.  446 

 do  

1 

13, 1 

15.  8 

20.5 

70 

480 

.446 

 do  

2 

11.3 

15.7 

19.4 

Mean. 

12.  2 

15.  7 

20 

18-inch  twist,  6 

grooves. 
18-incb  twist,  6 

grooves. 

70 

-...do  

480 

.446 

 do  

1 

13.7 

11.72 

18 

70 

....do  

480 

.446 

do  

2 

13.  63 

13.5 

19.2 

Mean. 

13.66 

12.61 

18.6 

Long-range  

Long-range  

80 
80 

...do  

500 

.446 

Patched,  1-19  tin 
Patched,  1-19  tin 

1 

11.9 

19.  08 

22.5 

....do  

500 

.446 

2 

14.  84 

11.  64 

18.8 

Mean. 

13.37 

15.52 

20.7 

REPORT  OF  THE  CHIEF  OF  ORDNANCE. 
1,000  yards  range. — Januwnj  IG,  1880. 


461 


Riflo. 


Service   

Service   

Service   

Service   

Service   

Service   

Service  

Service  

Service  

Service   

Service   


Service  w  i  t  h 
lenfrtbened 
chamber. 


Long  range ... 

Long  range  

Long  range  — 


Powder. 


Kind. 


Service 
Service 
Service 


Hazard,  F.  G 

. .  do  

...do   


do 
do, 
.do 
.do 
.do 


.do 


do 
.do 


...do 
...do 
...do 


Bullet. 


Ors. 
405 
405 
405 


49n 

490 
490 


500 
500 
500 
500 
500 


550 


S.'iO 
550 


500 
50Q 
500 


Kind. 


,458 
.456 
,458 


458 
4.58 
458 


458 
458 
458 
458 
458 


.458 


,458 
,458 


.446 
.446 
.446 


Service,  1-16  tin 
Service,  1-16  tin 
Service,  1-16  tin 


Like  service,  1-12  tin. 
Like  service,  1-12  tin. 
Like  service,  1-12  tin. 


Like  service, 

base,  1-12 
Like  service, 

base,  1-12 
Like  service, 

l)ase  1-12 
Like  service, 

base,  1-12 
Like  service, 

base,  1-12 


except  flat 
tin. 

except  flat 
tin. 

except  flat 
tin. 

except  flat 
tin. 

,  except  flat 
tin. 


Like  service,  1-12  tin. 


Like  service,  1-12  tin. 
Like  service,  1-12  tin. 


Patched,  1-19  tin 
Patched,  119  tin 
Patched,  1-19  tin 


Mean. 


Deviations. 


Mean. 

1 

2 
3 
4 
5 

Mean. 


M.H. 


12.2 
'0.8 
6.  1 


6.4 
21.  1 
17.5 


15 


Mean. 


Mean. 


10.5 
8.  64 
7.8 
10.3 
11.8 


10.2 


14.7 
11 


13.4 
5.4 
12.6 


10.5 


M.  V. 
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REPORT  OF  THE  CHIEF  OF  ORDNANCE. 

1,000  yards  range. — January  17,  18.^0. 


Rifle. 


Service 
Service 
SfTvice 
Service 


Servicft 
Service 
Sfivice 
Service 


Service 
Sf^rvice 
Service 
Service 
Service 


Service,  with 
eiisit  b ened 
ciiaiuber. 


T.onfr  range 
Loiiii  laiiye 
Xictng  rauge 


Powder. 


Kind. 


Service 
do  . 
. .  do  . 
..  do  .. 


Hazaid,  F.  Gr. 


do 
.  do 
..do 
..do 
.  do 


d(. 
.  <io 


do 
do 
do 


Bullet. 


Ors 
405 
405 
405 
405 


490 
4!)ii 
490 
490 


.•iOO 

500 
500 
500 
500 


550 
550 


.500 
."^00 
500 


45)^ 
458 

458 


45R 
4.-i8 
45" 
458 


4.58 
-158 
458 
45-< 
458 


4.58 
4.58 


446 
4)6 
446 


Kind. 


Seirvic«»,  l-ifi  tin 
Service  1-16  fin 
ServK-e.  1-Ui  tin 
Service,  116  tin 


Like  service,  i-12  tin 
Likesi-rvice.  1-12  tin 
Likeservice.  1  l-c  tin 
Like  service,  1-12  tin 


Like  service,  except  flat 

l>ast-,  1-12  till. 
Like  st-rvice  except  flat 

base,  1  1'2  lin. 
Like  service,  except  flat 

I'Hse,  1-12  tin. 
Like  set  vii;e  except  flat 

l>a.Me.  1-12  tin 
Lik'- service,  except  flat 

base,  1-12  tin. 


Likeserv  co,  1-12  tin 
Like  service,  1-12  tin 


Patched.  l-'9tin 
Patched  1-19  tin 
Patched,  1-19  tin 


Deviation. 


M.H. 


Mean 


Mean. 


Mean. 


Mean. 


Mean. 


M.  V. 


14. -.'6  22. 


10.  7H 

13.6 

11 


12.  40 


1  !  19.  1 

2  21.1 


12.9 
11.8 


16.2 


13  1 
19.7 
10.8 
18.7 
12.6 


14.5 
7.  15 


20.  5 
30.  6 
27.  5 


19.7 

n.  5 

21.  4 
21.6 


19.3 


17.5 
27.5 
17.  5 

23.1 


22.7 


10.  32 


29.5 
19.5 


24.  5      26.  8 


25.  1.5.3  29.3 
l)i.96  21.3  -^7.  3 
16.  4     25.  9      30.  7 


10  45  20.  8      29.  i 


RErOKT  OV  TIIK  CHIEF  OF  ORDNANCE. 
1,000  yards  range. — Januari/  1H80. 


4b*3 


Doviati()U8. 

So 

ca 

<«-i 
o 

M  H 

M  V 

M  A. 

6 



~  - 

1 

I«.  8 

27.8 

32.5 

2 

10.8 

18.8 

21.7 

Mean. 

13.  8 

23.  3 

27  1 

1 

14.  34 

19.5 

24,2 

9 

15.  9 

18.3 

Mean. 

11  67 

17.7 

21.2 

1 

14.7 

14.4 

20.  6 

1 

18 

14.1 

2-2.9 

1 

21.3 

15.  32 

26.  2 

o 

li 

IH.2 

19.9 

26.9 

Mean. 

19.7 

17.61 

26.5 

1 

13.6 

18.9 



•r-i.  3 

1 

1-2.  6 

12.5 

17.8 

1 

16  7 

22.  3 

27.9 

1 

18.3 

22 

28.6 

1 

15  8 

26.8 

31.  I 

1 

8.  76 

11.24 

11.3 

2 

1.5.2 

19  7 

24  9 

3 

16.  6 

17.4 

24.  I 

Mean 

13.  5-2 

16.  11 

21.  1 

Rifle. 


Service 
Service 

Service 
Service 


18-inch  twist,  3 

gnwH  e«. 
18  iiM-h  twist,  6 

groiives. 

S*irvice  

Service  


18-inch  twist,  3 

gritoves. 
18-iiich  twist, 6 

gr(  (oves. 
Sei'vice 
If  iiich  twist,  3 

frr(K>ve8. 
18  inch  twist,  6 

giooves. 
Lonji  ranye  . . . 

Loiio  T-.nige  

Loiifr  range  


PoNfTiier. 


Kind. 


Service 
...do  .- 


Hazard,  F.G 
.  do   


....do 
....do 


...do 
...do 


..  do 

...do 

...do 
.  do 

..  do 

..  do 
..  do 
..  do 


Bullet 


Grs 
4(»5 
405 


490 
490 


500 
500 


.4.58 
.45f 


,4.58 
458 


.458 
.4.58 


.  4.555 
.4555 


.500 

.  45.55 

500 

.4555 

500 

.  4.56 

500 

.  4.56 

500 

.  456 

.500 

.446 

500 

.  446 

500 

.446 

Kind. 


Service,  1-16  tin 
Service,  1  16  tin. 


Like  service,  1-1-2  tin. 
Like  service,  1-12  tin 


Like  service,  1-12  tin 
Like  service,  1-12  tin 


Like  service,  1-12  tin 
Like  service,  1-12  tin 


Flat  point.  No  2, 1  18  tin 
Flat  point,  No.2,  l-18tiu 

Flat  point.  No  2, 1-18  tin 


Patched.  1-19  tin 
Patched,  1-19  titi 
Patched,  1-19  tin 


464  REPORT  OF  THE  CHIEF  OF  ORDNANCE. 


1,000  yards  range. — January  30, 1880. 


Powder. 

Bullet. 

4^ 

<D 
W) 

Deviations. 

Rifle. 

^J 

u 

Kind. 

bio 
'S 

^ 

Kind. 

*© 

M.  H. 

M.  V. 

M.  A. 

^ 

^ 

Q 

o 

12; 

Ors. 

Grs. 

Service   

70 

Hazard  F.  G . . 

490 

.  458 

XjII^o  SGrvic©  1-12  tiiii 

1.3.  5 

26.-7 

29  9 

18-incb  twist,  3 

70 

 do  .....  

490 

.  458 

17.  4 

25.  7 

31 

grooves 

 do  

i8-inch  twist,  6 

70 

490 

.  458 

XiiltG  ssrvicB  1'12  tin... 

18.  7 

23.  9 

30.  3 

grooves. 
Service   

70 

 do  

500 

.  4555 

Lils©  SGrvic©  1-12  tin 

14.  3 

25.  7 

29.  4 

18-inch  twist,  3 

70 

.  '.  .  .do  .  .  .  .  .  . 

500 

.  4555 

T,ilrft  ftAT\7if*ft    1-19  tin 

^IclXj  OCJX  V  IL/O,    X-  lf«    till  -  >  . 

16.  1 

21.  4 

26.  8 

gTooves. 

Service   . 

70 

...do   

500 

.  4.i2 

Flat  point  No.  1,  1-18  tin. 

21.  8 

18.2 

28.  4 

18-iiJch  twist,  3 

70 

....do   

500 

.452 

Flat  point  No.  1,1-18  tin. 

11.5 

16.7 

20.3 

grooves. 

18-inch  twist,  6 

70 

....do   

500 

.  452 

Flat  point  No.  1, 1-18  tin. 

14.7 

23.9 

28.1 

grooves. 

Service   

70 

...do  

500 

.456 

Flat  point  No.  2,  1-18  tin 

62 

20.  4 

21.3 

18-inch  twist,  3 

70 

....do   

500 

.456 

Flat  point  No.  2,  1-18  tin. 

10.6 

17.6 

20.5 

grooves. 

18-inch  twist,  6 

70 

...do  

500 

.456 

Flat  point  No.  2, 1-18  tin 

19.2 

13.7 

23.6 

grooves. 

Service,  with 

80 

....do   

550 

.458 

Like  service,  1-12  tin. .. 

13.3 

18.5 

22.8 

1  e  n  g t  heued 

80 

....do   

550 

.458 

Like  service,  1-12  tin... 

2 

14.  1 

19.8 

24.3 

chamber. 

Mean. 

13.7 

19.1 

23.6 

Do  

90 

....do   

550 

.458 

Like  service,  1-12  tin. .. 

1 

12.6 

19.8 

23.5 

Do  

90 
90 

...  do   

550 

.458 

Like  service,  1-12  tin  .. 

2 

10.9 

17.9 

21 

Do  

....do  

5.=i0 

.458 

Like  service,  1-12  tin... 

3 

13.1 

31 

.33.7 

Mean. 

12.2 

22.9 

24.7 

1,000  yards  range.— March  4  and  5,  1880. 


Powder. 

Bullet. 

Deviations. 

Eifle. 

s 

<s 

faf) 

'S 

Kind. 

.a 

:^ 

Kind. 

M.H. 

M.V. 

M.A. 

is- 

c8 

6 

March  4. 

Grs. 

Grs 

70 

Hazard,  F.G.. 

500 

.  4.555 

Like  service,  1-16  tin. .. 

1 

12.3 

22.7 

25.8 

Service   

70 

...do  

500 

.  4555 

Like  service,  1-16  tin... 

2 

18.7 

28.5 

34.1 

Service   

70 

...do   

500 

.  4.555 

Like  service,  1-16  tin  .. 

3 

9.  1 

16.9 

19.2 

Service  

70 

....do   

500 

.  4555 

Like  service,  1-16  tin. .. 

4 

17.4 

11.3 

20.7 

70 

....do   

500 

.  455  ■ 

Like  service,  116  tin  . .. 

5 

14.8 

12.5 

19.4 

70 

...do   

500 

.  4555 

Like  service,  1-16  tin... 

6 

8 

12.8 

15.1 

70 

..do  

.500 

.  45.15 

Like  service,  1-16  tin... 

7 

11.  1 

17.4 

2!).  6 

76 

...do  

500 

.4555 

Like  service,  1-16  tin... 

8 

10.2 

9.3 

13.8 

70 

....do   

500 

.4555 

Like  service,  1-16  tin.  .. 

9 

16.5 

11 

19.8 

Mean. 

13.1 

15.8 

20.9 

70 

....do  

480 

.446 

Long-range  Springfield, 

1 

14.2 

23.6 

27.  5 

grooved  and  lubricat- 

ed, 1-19  tin. 

Service   

70 

....do  

480 

.446 

 do  

2 

16.4 

19.4 

25.4 

Mean. 

15.3 

21.5 

26.4 

March  5. 

Service  

70 

....do  

500 

.4555 

Like  service,  1-12  tin . . . 

1 

15.8 

7.9 

17.7 

Service   

70 

....do  

500 

.4555 

Like  service,  1-12  tin... 

2 

16 

18.9 

24.8 

Mean, 

15.9 

13.  4 

21.8 

Long-range  

80 

....do  

500 

.446 

Patched,  1-19  tin  

1 

12.4 

18.7 

22.6 

REPORT  OF  THE  CIIIKP  OF  ORDNANCE. 
1,000  yards  range.— March  G,  1880. 


4G5 


Rifle. 


lervico,  with 
lengt  h  e  n  e  d 
chamber. 

Do  

Do  

Do  


Service   

Ser  V  i  ce,  with 
lengthened 
chamber. 

Do  

Do  

Do  


Powder. 


70 


Kind. 


Service 


...do 
....do 
...do 


...do   

Hazard,  F.  G. 


...do  

...do  .... 
...do  .... 


Bullet. 


Ors. 
40 


405 
405 
405 


405 
500 


500 
500 
500 


458 


458 
458 
458 


,458 
4555 


4555 
4555 
45.. 


Kind. 


Service,  1-16  tin 

Service,  1-16  tin 
Service,  1-16  tin 
Service,  1-16  tin 


Service,  1-16  tin  

Like  service,  1-12  tin. 


Like  service,  1 12  tin. 
Like  service,  1-12  tin. 
Like  service,  1-12  tin . 


Mean. 


Mean. 


Deviations. 


M.H. 


12.6 

20 

16.1 


11.3 
12.2 


11.3 
14.5 
15.8 


1,000  yards  range.— March  12,  1880. 


Eifle. 

Powder. 

Bullet. 

No.  of  target. 

Deviations. 

^ 

Kind. 

bp 

Si 
0) 
Si 

"cS 
O 

Kind. 

M.H. 

M.  V. 

M.A. 

Service   

Service   

Service   

Service   

Service   

Service   

Service  

Service   

Service,  with 
lengthened 
chamber. 

Do  

Do  

Ors. 
65 
65 
65 
65 

70 
70 
70 
70 

80 
80 

80 
80 

Hazard,  E.G.. 

...do   

..-.do   

....do   

....do   

....do   

....do   

....do  

....do   

...do   

....do   

...do  

Ors. 
500 
500 
500 
500 

500 
500 
500 
500 

500 
500 

500 
500 

.4555 
.4555 
.  45.55 
.4555 

.  4555 
.4555 
.4555 
.4555 

.4555 
.4555 

.  4555 
.4555 

Like  service,  1-12  tin... 
Like  service,  1-12  tin. .. 
Like  service,  1-12  tin... 
Like  service,  1-12  tin. .. 

Like  service,  1-12  tin. .. 
Like  service,  1-12  tin. . . 
Like  service,  1-12  tin.  .. 
Like  service,  1-12  tin. .. 

Like  service,  1-12  tin. .. 
Like  service,  1-12  tin... 

Like  service,  1-12  tin.  .. 
Like  service,  1-12  tin. .. 

1 

2 
3 
4 

12.2 
14.7 
16.6 
11.8 

29.8 
29.8 
24.7 
34.3 

32.2 
33.2 
29.7 
36.2 

Mean. 

18.8 

29.6 

32.8 

1 

2 

3 
4 

20.6 
17.  72 
17.  32 
10.48 

21.4 
19.5 
29. 1 
30.  28 

29.7 
26.3 
33.8 
,3L9 

Mean. 

16.  53 

25.7 

30.4 

2 

3 
4 

12.2 
10.1 

10.2 
13.8 

21.64 
23.0 

11.6 
26.2 

24.8 
25.1 

15.4 
29.2 

Mean. 

11.39 

20.  61 

23.  6 

30  ORD 


466 


REPORT  OF  THE  CHIEF  OF  ORDNANCE. 
1,000  yards  range.— March  18,  1880. 


Eifle. 


Powder. 


Service 
Service 
Service 
Service 
Service 


Service,  with 
length  e  n  e  d 
chamber. 

Do  

Do  

Do  


Iiong-range  

Long-range  — 


Kind. 


Hazard,  E.G. 

...do   

...do   

...do  

...do   


.do 
.do 
.do 


Bullet. 


Ors. 
500 
500 
500 
500 
500 


500 
500 

500 
500 
500 


500 
500 


Kind. 


.  4555  Like  service,  1-12  tin. 

.  4555  Like  service,  1-12  tin . 

.  4555  Like  service,  1-12  tin. 

.  4555  Like  service,  1-12 tin. 

.  4555!  Like  service.  1-12  tin. 


.4555 
.4555 


Like  service,  1-12  tin. 
Like  service,  1-12  tin 


.  4555  Like  service,  1-12  tin. 
.4555  Like  service,  1-12  tin. 
.  4555  Like  sei-vice,  1-12  tin . 


446 


Patched,  1-19  tin. 
Patched,  1-19  tin. 


Mean. 


Deviations. 


M.  H. 


18.0 
13.0 
13.3 
14.2 
11.1 


14.  28 
14.5 

7.9 
15.8 
15.6 


13.  61 


5.  78 
9.5 


7.  64 


M.  V. 


M.  A. 


20.3 
25.5 
18.8 
27.9 
32. 1 


24. 


20.9 
20.8 

18.0 
14.5 
15.  72 


17.  98 


28.  4 
22.3 


25.  3 


1,000  yards  range.— March  23,  1880. 


Eifle. 

Powder. 

Bullet. 

No.  of  target. 

Deviations. 

i 

^ 

Kind. 

rd 

® 

o 

Kind. 

M.  H. 

M.  V. 

M.  A. 

25.7 
26.2 
26.1 
27.7 
24.8 

Service   

Service   

Service   

Service   

Service,  with 
length  e  n  e  d 
chamber. 

Do  

Do  

Do  

Grs. 
70 
70 
70 
70 
70 

80 
80 

80 
80 
80 

Hazard,  F.  G.. 

....do   

....do   

....do   

...do   

....do   

....do   

....do   

....do   

..-.do   

Grs. 
500 
500 
500 
.500 
500 

500 
500 

500 
500 
500 

.4555 
.4555 
.4555 
.  4555 
.4555 

.4555 
.4555 

.4555 
.4555 
.4555 

Like  service,  1-12  tin  

Like  service,  1-12  tin  

Like  service,  1-12  tin  

Like  service,  1-12  tin  

Like  service,  1-12  tin  

Like  service,  1-12  tin  

Like  service,  1-12  tin  

Like  service.  1-12  tin  

Like  service,  1-12  tin  

Like  service,  1-12  tin  

1 

2 
3 
4 
5 

12.6 
13.2 
11.4 
13.1 
12 

22.4 
22.7 
23,5 
24.4 
21.7 

Mean. 

12.5 

22.9 

26.1 

1 

2 

3 
4 

5 

12.8 
21.5 

17.2 
14.8 
13.2 

17.4 
25.9 

23.7 

25 

31.5 

21.6 

33.4 
29.3 
39.1 
34.2 

Mean. 

15.9 

24.7 

29.5 

REPORT  OF  THE  CHIEF  OF  ORDNANCE.  467 


1,000  yards  raiujc— April  1, 1880. 


Powder. 

Bullet. 

Deviations. 

Rifle. 

i 

be 

Kind. 

Kind. 

*o 

M.  H. 

M.  V. 

M.  A. 

Wei 

Wei 

o 

6 
'A 

Qrs. 

Grs. 

Service   

70 

Ha^'iard,  I .  G. 

.500 

.  4555 

Like  service,  1-16  tin  

1 

20 

23.  3 

30.  7 

Service 

70 

...-do  

.500 

.  4555 

Like  service,  1-16  tin  

2 

12.3 

29 

31.  5 

Sevvice 

70 

....do  

500 

.  4555 

Like  service,  1-16  tin  

3 

21.4 

20.6 

29.7 

Service 

70 

do 

500 

4555 

_ljllVV?  oOl  Vll-'U,  x-iu   Ulll  .... 

4 

19 

16.  70 

25  3 

70 

..".do 

500 

.  4555 

Like  service,  1-16  tin  

5 

22.9 

14' 

26!  8 

Mea 

n. 

19.  1 

20.  72 

28.8 

Service,  with 

80 

...  do   

500 

.45.55 

Like  service,  1-16  tin  

1 

10.8 

21 

23.6 

lengthen  e  d 

80 

..-.do   

500 

.  4555 

Like  service,  1-16  tin  

2 

15.4 

17.3 

23.2 

chamber. 

Do  

80 

...do   

500 

.4555 

Like  service,  1-16  tin  

3 

16.3 

13 

20.8 

Do  

80 

....do   

500 

.4555 

Like  service,  1-16  tin  

4 

23.3 

15.2 

27.8 

Mean. 

16.4 

16.  61 

23.9 

1,000  yards  range.— April  21  and  22, 1880. 


Powder. 

Bullets. 

Deviations. 

Rifle. 

u 

Kind. 

bJD 

<o 

Kind. 

0 

M.  H. 

M.  V. 

M.  A. 

"S 

^ 

"S 
^ 

0 

6 

"A 

April  21. 
Service   

Grs. 
70 

Hazard,  F.G.. 
.-..do  

Qrs. 
500 

.4555 

Like  service,  1-16  tin  

Like  service,  1-16  tin  

Like  service,  1-16  tin  

Like  service,  1-16  tin  

Like  service,  1-16  tin  

1 

14.1 

22.4 

26.5 

Service   

70 

500 

.4555 

2^ 

12.8 

10.3 

16.4 

Service   

70 

....do  

500 

.4555 

3 

15.2 

19.9 

25 

Service   

70 

....do  

500 

.  4555 

4 

1.5.4 

28.2 

32.  1 

70 

....do   

500 

.4555 

5 

22.2 

24.4 

33 

Mean. 

15.9 

21 

26.6 

Service,  with 

80 

500 

.  4555 

Like  service,  1-16  tin  

1 

8.6 

9.2 

12.6 

length  e  n  e  d 
chamber. 
Do  

80 
80 

'.'.'.  Ao 

500 

.4555 

Like  service,  1-16  tin  

2 

10.5 

15.7 

18.9 

....do  

500 

.4555 

Like  service,  1-16  tin  

Like  service,  1-16  tin. . . 
Like  service,  1-16  tin  

3 

17.5 

15.9 

23.6 

Do  

80 

....do   

500 

.4555 

4 

11.3 

16  3 

19.8 

Do  

80 

....do   

500 

.4555 

5 

19.8 

9.5 

22 

Mean. 

13.5 

13.3 

19.4 

April  22. 
Service   

Qrs. 
70 

....do   

500 

.4555 

Like  service,  1-16  tin  

Like  service,  1-16  tin.^-. 
Like  service,  1-16  tin  

1 

11.2 

15.8 

19.4 

28 

Service   

70 

...do  

500 

.  4555 

2 

16. 1 

22.9 

Service   

70 

...do  

500 

.4555 

3 

12 

11.6 

16.7 

Mean. 

13.1 

16.8 

21.4 

Service,  with 
length  e  n  e  d 
chamber. 

80 
80 

..-.do   

Oriental  

500 
500 

.4555 
.458 

Like  service,  1-16  tin  

Like  service,  machine- 

1 

2 

11.7 
18.7 

17.7 
20.2 

21.2 
27.5 

made,  1-17  tin. 

Mean. 

15.2 

18  9 

24.3 

4G8 


KEPORT  OF  THE  CHIEF  OF  ORDNANCE. 
1,000  yards  range.— May  4,  1880. 


i  *J  W  U.D1  . 

Bullet. 

Deviations. 

cl 

Kind. 

-a 

Kind. 

M.  H. 

M.  V. 

M.  A. 

'S 

Call 

Grs. 

Oriental  

500 

.458 

Frankford,  like  service, 

17.7 

20 

26.7 

1-12  tin. 

Hazard,  F.  G. . 

500 

.458 

Frankford,  like  service, 

15.  9 

12.  7 

20.  3 

1-12  tin. 

Oriental  

500 

.458 

Frankford.  like  service. 

13.  4 

15.  9 

20.  8 

1-17  tin. 

Hazard,  F.  a.. 

500 

.458 

Frankford,  like  service. 

11.5 

13.6 

17.8 

1-17  tin. 

....do  

500 

.  4555 

Springfield,  like  service, 

12.  9 

16.  7 

21. 1 

1-lf)  tin. 

....do   

500 

.  4555 

Spi'ingfield,  like  service. 

2 

17 

22.  2 

27.  9 

1-1()  tin. 

Mean. 

14.  9 

19.4 

24.5 

Oriental  

500 

.458 

Frankford,  like  service. 

1 

20.7 

24.6 

32.2 

1-12  tin. 

Hazard,  x .  U-. . 

500 

.458 

1 

14.  5 

13.  6 

18.  9 

1-12  tin. 

Oriental  

500 

.458 

Frankford,  like  service, 

1 

12.3 

22.4 

25.6 

1-17  tin. 

Hazard,  F.G.. 

500 

.458 

Frankford,  like  service, 

1 

14.1 

20.4 

24.8 

1-17  tin. 

....do  

500 

.4555 

Springfield,  like  service, 

1 

9.4 

19.5 

21.6 

1-16  tin. 

....do   

500 

.4555 

Springfield,  like  service. 

•2 

12.4 

16.4 

20.6 

1-16  tin. 

Mean. 

10.9 

17.9 

21.1 

Rifle. 


Service. 
Service. 
Service. 
Service. 
Service. 
Service. 


Service  with 
leng  t  h  e  n  e  d 
chamber. 
Do  


Do 
Do 
Do 
Do 


80 


80 


80 


First  four  targets,  light  head  wind  ;  next  six  targets,  stitf  head  wind ;  last  two  targets,  very  strong 
head  wind. 

1,000  yards  range.— May  5,  1880. 


Rifle. 


Service  

Service  

Service  

Service  

Service  

Service  


Service,  with 
length  e  n  e  d 
chamber. 


Do 
Do 


Powder. 


Kind. 


Oriental  

Hazard,  F.  G. 

Oriental  

Hazard,  F.  G. 

....do   

....do  .,  


Oriental  

Hazard,  F.  G . . 

Oriental  

Hazard,  F.  G.. 


Bullet. 


Ors. 
500 

500 

500 

500 

500 

500 


500 
500 
500 
500 


458 

458 

458 

458 

4555 

4555 


458 
458 
,458 
,458 


Kind. 


Frankford,  like  service, 

1-12  tin. 
Frankford,  like  service, 

1-12  tin. 
Frankford,  like  service, 

1-17  tin. 
Frankford,  like  service, 

1-17  tin. 
Springfield,  like  service, 

l-16tin. 
Springfield,  like  service, 

1-16  tin. 


Frankford,  like  service, 

1-12  tin. 
Frankford,  like  service, 

1  12  tin. 
Frankford,  like  service, 

1-17  tin, 
Frankford,  like  service, 

1-17  tin. 


Mean. 


Deviations. 


14.2 
15.5 
13.1 
12.9 
14.5 
17 


15.7 


25.2 
12 

22.2 


M.  Y. 


20.4 
16 

17.6 
24.2 
18.4 
10.8 


14. 


28.2 
18.3 
14.2 
14.1 


M.  A. 


24.9 
22.3 
21.9 
27.4 
23.4 
20.1 


21.7 


36.9 
31.1 
18.6 
26.1 


First  six  targets,  stiff  breeze  from  front ;  last  four  targets,  strong  head  wind 


REPORT  OF  THE  (JlllKF  OF  ORDNANCE. 
1,000  yards  ramjc—Alaij  G,  1880. 


460 


Deviations. 

"S 

t 

JxL.  Xl. 

M..  V  . 

Six,  ix. 





1 

- 

16.4 

16 

22.9 

\ 

15.  4 

21.  7 

26.  6 

15 

20.2 

2.5,2 

1 

13.5 

29.8 

32,7 

1 

12.4 

23.1 

26.2 

2 

16,7 

14,6 

22.2 

Mean. 

14.5 

18.8 

24.2 

17.2 

21.6 

27.6 

1 

10.4 

17.8 

20,6 

1 

23,8 

14 

27,6 

llifle. 


Service. 
Service, 
Service, 
Service. 
Service. 
Service. 


Service,  with 
lengt  h  e  n  e  d 
chamber. 


Do. 


Powder, 


Ors. 
70 

70 

70 

70 

70 

70 


Kind. 


Oriental  

Hazard,  F.  G 

Oriental  

Hazard,  F,  G 

...do  

...do   

Oriental  , 

Hazard,  F,  G 
Oriental  


Bullet, 


Grs. 
500 

500 

500 

500 

500 

500 


500 
500 
500 


,458  j 
,458  I 
,458  j 
,458  ! 
4555I 
,  4555! 


458 
458 
,458 


Kind, 


Fraiikford,  like  service, 
1-1-2  tin. 

Frank  ford,  like  service, 
1-12  tin. 

Frankford,  like  service, 
1-17  tin. 

Frankford,  like  sei  vice, 
1-17  tin. 

Sprinytield,  like  serv- 
ice, l-l(i  tin. 

Sprinjifield,  like  serv- 
ice, 1-16  tin. 


Frankfoixi,  like  service, 

1-12  tin. 
Frankford,  like  service, 

1-12  tin. 
Frankford,  like  service, 

1-17  tin. 


First  six  targets,  light  breeze  from  front ;  last  three  targets,  strong  breeze  from  right  and  front, 
1,000  yards  range. — May  7,  1880, 


Powder. 

Bullet. 

"S 

Deviations. 

;h 

f 

Si 

i 

_bJD 

'S 

Kind, 

s 

jQ 

Kind. 

0 

M.  H. 

M,  Y, 

M.  A. 

"3 

6 

Ors. 

Grs. 

70 

500 

,458 

Frankford,  like  service, 

13.4 

27,2 

30.3 

1-12  tin. 

70 

Hazard,  F,G.. 

500 

.  458 

Frankford,  like  service, 

11.6 

22.2 

25.1 

1-12  tin. 

70 

Oriental  

500 

,458 

Frankford,  like  service, 

20.1 

26.8 

33.5 

1-17  tin. 

70 

Hazard,  F,G.. 

500 

.458 

Frankford,  like  service. 

13.2 

34,9 

37.3 

1-17  tin. 

70 

...  do  

500 

.  4555 

Springfield,  like  serv- 

16.6 

19.9 

25.9 

ice,  1-16  tin. 

80 

Oriental  

500 

,458 

Frankford,  like  service. 

11.4 

16.4 

20 

1-12  tin. 

80 

Hazard,  F.  G.. 

500 

,458 

Frankford,  like  service. 

16.6 

26.9 

31.6 

1-12  tin. 

80 

Oriental  

500 

,4.58 

Frankford,  like  service, 

17.4 

22.6 

28,5 

1-17  tin. 

80 

Hazard,  F.  G.. 

500 

.458 

Frankford,  like  service. 

2.5.2 

37.3 

43.9 

1-17  tin. 

80 

...do   

500 

.  4555 

Springfield,  like  serv- 

22.9 

19.6 

30,  1 

ice,  1-16  tin. 

80 

....do   

500 

,  4555 

Springfield,  like  serv- 

2 

11.6 

11 

16. 

ice,  1.16  tin. 

Mean. 

17.2 

15.3 

23 

Rifle. 


Service  , 

Service   

Service   

Service   

Service   

Service  with 
len  g  t  h  e  n  e  d 
chamber. 
Do  ... 

Do  ... 

Do  ... 

Do  ... 

Do  ... 


Calm. 


470 


KEPORT  OF  THE  CHIEF  OF  ORDNANCE. 
1,000  yards  range.— May  8,  1880. 


Kifle. 


Powder. 


Kind. 


Bullet. 


Kind. 


Deviations. 


H. 


M.  V. 


M.  A. 


Service 
Service 
Service 
Service 
Service 
Service 


Service  with 
length  e  n  e  d 
chamber. 
Do  

Do  

Do  

Do  

Do  


Qrs. 
70 

70 

70 

70 

70 

70 


Oriental  

Hazard,  F.G.. 

Oiiental  

Hazard,  F.  G.. 

...  do   

....do   

Oriental  

Hazard,  E.G.. 

Oriental  

Hazard,  F.G.. 

....do   

....do   


Ors. 
500 

500 

500 

500 

500 

500 


500 

500 
500 
500 
500 
500 


,458 

,453 

,458 

.458 

,4555 

.4555 


458 

458 

458 

458 

4555 

4555 


Frankf  ord,  like  service, 
1-12  tin. 

Frankford,  like  service, 
1-12  tin. 

Frankford,  like  service, 
1-17  tin. 

Frankford,  like  service, 
1-17  tin. 

Springfield,  like  serv- 
ice, 1-16  tin. 

Springfield,  like  serv- 
ice, 1-16  tin. 


Frankford,  like  service, 
1-12  tin. 

Frankford,  like  service, 
t-12  tin. 

Frankford,  like  service, 
1-17  tin. 

Frankford,  like  service, 
1-17  tin. 

Springfield,  like  serv- 
ice, 1-16  tin. 

Springfield,  like  serv- 
ice, 1-16  tin. 


Mean. 


Mean. 


27.7 
12.1 
12.2 
13.4 
8.2 
16.2 


21.1 
18.7 
26.3 
12.6 
11.2 
30.4 


12.  2    20.  8 


30.5 

14.4 
19.7 
21.8 
14.6 
23.9 


19.2 


34.8 

22.3 

29 

18.4 

13.9 

34.5 

24.4 


9.1 
26.4 
29.5 
16.3 
17. 1 


36.7 
21.9 
29.4 


16.7 


25.7 


First  five  targets,  light  breeze  from  the  right  and  front ;  sixth  target,  strong  breeze ;  the  last  six  tar- 
gets strong  wind. 

1,000  yards  range.—  May  10, 1880. 


Eifle. 

Powder. 

Bullet. 

No.  of  target. 

Deviations. 

Weight.  1 

Kind. 

Weight. 

Caliber. 

Kind. 

M.  H. 

M.  V. 

M.  A. 

Grs. 

Grs. 

Service   

70 

Oriental  

500 

.458 

Frankford,  like  service. 

1 

16.4 

12 

20.3 

1-12  tin. 

Service   

70 

....do  

500 

.458 

Frankford,  like  service, 

2 

16.2 

26.6 

31.1 

1-12  tin. 

Service   

70 

Hazard,  G.  F.. 

500 

.458 

Frankford,  like  service. 

14.9 

17.5 

23 

1-12  tin. 

Service   

70 

....do  

500 

.  458 

Frankford,  like  service. 

2 

30.8 

20.2 

36.8 

1-12  tin. 

Service   

70 

Oriental  

500 

.458 

Frankford,  like  service, 

1 

18.4 

32.3 

37.2 

1-17  tin. 

Service   

70 

....do  

500 

.458 

Frankford,  like  service, 

2 

16.8 

23.2 

28.6 

1-17  tin. 

Service  with 

80 

....do  

500 

.458 

Frankford,  like  service. 

1 

22.9 

28.5 

36.6 

lengthened 

1-12  tin. 

chamber. 

Do  

80 

....do   

500 

.458 

Frankford,  like  service. 

2 

19.4 

21.1 

28.7 

1-12  tin. 

Do  

80 

Hazard,  F.  G.. 

500 

.458 

Frankford,  like  service, 

1 

21 

10.5 

23.5 

1-12  tin. 

Do  

80 

....do  

500 

.458 

Frankford,  like  service, 

2 

18.6 

20 

27.3 

1  12  tin. 

The  first  six  targets,  fresh  breeze  from  the  front  and  right;  the  last  four  targets,  stiff  breeze  from 
the  right  and  front.  * 


REPORT  OF  TllK  CHIEF  OF  ORDNANCE.  471 


1,000  yards  range.— May  11,  1880. 


Rifle. 

Powder. 

Bullet. 

No.  of  target. 

Deviations. 

Weight. 

Kind. 

CaUber. 

Kind. 

M.  H. 

M.  V. 

M.  A. 

Ors. 

Grs. 

70 

Orioutal  

500 

.458 

Frankford,  like  service, 

I 

11 

25.  3 

27.6 

1-12  till. 

70 

....do   

500 

.458 

Frankford,  like  service. 

2 

15.  6 

34.  3 

37.  7 

1-12  tin. 

_ 

70 

Hazard,  E.G.. 

500 

.458 

Frankford,  like  service, 

1 

11 

17.9 

21 

1-12  tin. 

O 

70 

 (Jo  

500 

.458 

Frankford  like  service. 

2 

14.  2 

12.  7 

19 

1-12  tin.  ' 

O 

70 

Oriental  

500 

.458 

Frankford,  like  service. 

1 

7.  8 

22. 1 

23.4 

1-17  tin. 

Service  

70 

....do   

500 

.458 

Frankford,  like  service. 

2 

8.5 

19.  7 

21.5 

1-17  tin. 

70 

Hazard,  F.  G.. 

500 

.458 

Frankford,  like  service. 

1 

14.  9 

13.  8 

20.3 

1-17  tin. 

C 

70 

....do   

500 

.458 

Frankford,  like  service. 

2 

10.  4 

33,2 

34.8 

1-17  tin. 

70 

 do  

500 

.4555 

Springfield,  like  serv- 

1 

9.  5 

12.  7 

15.9 

ice,  1-16  tin. 

70 

 do  

500 

.4555 

Springfield,  like  serv- 

2 

13.  6 

20.2 

24.4 

ice,  1-16  tin. 

oervice  w  i  l  n 

80 

Oriental  

500 

.458 

Frankford,  like  service, 

1 

25.  9 

17.6 

31.3 

ICli     I)  u     u  c  u 

1-12  tin. 

didiiober. 

Do 

80 

 do  

500 

.  458 

Frankford,  like  service, 

2 

8 

24. 1 

25,  4 

1-12  tin. 

Do 

80 

Hazard,  F.  G.. 

500 

.458 

Frankford,  like  service. 

1 

8.8 

29 

30.3 

1-12  tin. 

Do 

80 

....do   

500 

.458 

Frankford,  like  service. 

2 

9.9 

17.3 

19,9 

1-12  tin. 

Do 

80 

Oriental  

500 

.458 

Frankford,  like  service, 

1 

12.8 

20.5 

24,2 

1-17  tin. 

Do  

80 

....do  

.500 

.458 

Frankford,  like  service, 

2 

10.6 

28.6 

30.5 

117  tin. 

Do   . 

80 

Hazard,  F.  G.. 

500 

.458 

Frankford,  like  service. 

18.4 

20.4 

27.5 

117  tin. 

Do  

80 

....do  

500 

.458 

Frankford,  like  service. 

2 

11.6 

27.8 

30.1 

1-17  tin. 

Do  

80 

....do  

500 

.4555 

Springfield,  like  serv- 

10.1 

15.1 

18.2 

ice,  1-16  tin. 

Do  

80 

....do   

500 

.4555 

Springfield,  like  serv- 

2 

11.1 

11.6 

16 

ice,  1-16  tin. 

Stiff  breeze  from  the  front. 
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REPORT  OF  THE  CHIEF  OF  ORDNANCE. 
1,000  yards  range.— May  12,  1880. 


Eifle. 


Service 
Service 
Service 
Service 
Service 
Service 


Service,  with 
lengthened 
chamber. 
Do  

Do  

Do  

Do  

Do  

Do  


Powder. 

Bullet. 

Deviations. 

1 

Kind, 

Kind, 

o 

M.H. 

M.  V. 

M.  A 

'S 

d 

o 



Grs. 

Grs. 

- 

70 

Oriental  

500 

.458 

Frankford,  like  service, 

1 

11.7 

28 

30.3 

1-12  tin. 

70 

Hazard,  F.G.. 

500 

.458 

Frankford,  like  service. 

1 

13.1 

24.4 

27,7 

1-12  tin. 

70 

Oriental  

500 

.  478 

Frankford,  like  service, 

1 

10.5 

26 

28 

1-12  tin. 

70 

Hazard,  F.  G.. 

500 

.458 

Frankford,  like  service, 

1 

18.2 

21.  7 

28.6 

1-12  tin. 

70 

...  do   

500 

.  4555 

Springfield,  like  serv- 

J 

16.9 

22,2 

27.9 

ice  1-16  tin. 

70 

..-.do  

500 

.4555 

Springfield,  like  serv- 

2 

14.3 

23,7 

27,  7 

1-16  tin. 

Mean. 

22  9 

27,  8 

80 

500 

.  458 

Frankford,  like  service 

25. 1 

13.  8 

28.  6 

1-12  tin. 

80 

Hazard,  F.G.. 

500 

.458 

Frankford,  like  service, 

1 

15.5 

25.7 

30 

1-12  tin 

80 

Oriental  

500 

.458 

Frankford,  like  service, 

1 

11.7 

19.8 

23 

1-17  tin. 

80 

Hazard,  F.  G.. 

500 

,458 

Frankford,  like  service. 

1 

20.4 

29.4 

35.8 

1-17  tin. 

80 

....do  

500 

.4555 

Springfield,  like  serv- 

1 

16 

16.6 

23.1 

ice,  1-16  tin. 

80 

.--.do  

500 

.4555 

Frankford,  like  service. 

2 

21.3 

8.4 

22,9 

1-16  tin. 

80 

....do   

500 

.  4555 

Frankford,  like  service. 

3 

15.4 

10.2 

18,5 

1-16  tin. 

Mean. 

17.5 

11.7 

21,5 

First  fi.ve  targets  calm ;  the  sixth  target,  light  breeze  from  the  right ;  the  next  four  targets,  stift 
treeze  from  the  right :  the  last  three  targets,  strong  wind  from  the  right, 

1,000  yards  range.— May  13,  1880. 


Powder, 

Bullet. 

® 

Kifle, 

eS 

'S 

Kind. 

Kind, 

O 

o 

6 

"A 

6rfs. 

Ors. 

Service   

70 

Oriental  

500 

.458 

Frankford,  like  service. 

1 

1-12  tin. 

Service   

70 

.-..do  

500 

.458 

Frankford,  like  service. 

2 

1-12  tin. 

Service   

70 

Hazard,  F.  G-- 

500 

,458 

Frankford,  like  seivice, 

1. 

1-12  tin. 

Service   

70 

..-.do  

500 

.458 

Frankford,  like  service, 

2 

1-12  tin. 

Service  

70 

Oriental  

500 

,458 

Frankford,  like  service, 

1 

1-17  tin. 

Service   

70 

..-.do  

500 

,458 

Frankford,  like  service. 

2 

1-17  tin. 

Service  

70 

Hazard,  F.G-- 

500 

,458 

Frankford,  like  service. 

1 

1-17  tin. 

Service   

70 

....do  

500 

,458 

Frankford,  like  service, 

2 

1-17  tin. 

Service   

70 

.-..do  

500 

.4555 

Springfield,  like  serv- 

1 

ice,  1-16  tin. 

70 

.--.do   

500 

,  4.555 

Springfield,  like  serv- 

2 

ice,  1-16  tin. 

Deviations. 


M.H, 

M,  V. 

M.  A» 

11,6 

37.3 

39,1 

15,9 

25.3 

27,  8 

19.1 

18.2 

26.4 

22 

39.9 

45.6 

9.8 

18.4 

20.8 

22.2 

24.5 

33.1 

18.7 

27.6 

33.3 

23.2 

26,2 

35 

16.6 

29.9 

34.2 

17.3 

20.3 

26.7 

First  two  targets,  calm  ;  next  three  targets,  light  breeze ;  last  five  targets,  strong  wind. 
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1,000  yards  range.— May  14,  1880. 


Powder. 

Bullet. 

Deviations. 

Rifle. 

Kind. 

Kind. 

M.  n. 

M.  V. 

M.  A 

'S 



o 

Qrs. 

Qrs. 

- 

— 

— 



Service 

70 

Hazard,  F.  G .  - 

500 

.  4.58 

Frankford,  like  service, 

1 

14. 

5 

26.  2 

29.  < 

1-1'2  tiu. 

Service 

70 

 do  

500 

.  458 

Frankford,  like  service, 

2 

20. 

9 

19.  8 

28. 1 

1-12  tin. 

Service 

70 

 do  ,  

500 

.  458 

Frankford,  like  service, 

1 

30. 

1 

28.  2 

41. 

1-1'2  tin. 

Service 

70 

—  do  

500 

.  458 

Frankford,  like  service, 

2 

22. 

3 

32.  6 

39. 

1-12  tin. 

Service 

70 

 do  

500 

.  458 

Frankford,  like  service, 

1 

9. 

8 

30.  9 

32. 

1-17  tin. 

Service 

70 

....do  

500 

.458 

Frankford,  like  service, 

2 

18. 

4 

26.9 

32. 

1-17  tin. 

Service   

70 

....do  

500 

.458 

Frankford,  like  service. 

1 

16. 

5 

19.9 

25. 

117  tin. 

Service   

70 

....do   

500 

.458 

Frankford,  like  service. 

2 

13 

30.9 

33. 

1-17  tin. 

Service   

70 

....do  

500 

.4555 

Springfield,  like  serv- 

1 

14. 

6 

15.3 

21. 

ice,  1-16  tin. 

Service   

70 

....do  

500 

.4555 

Springfield,  like  serv- 

2 

19. 

5 

19.5 

27. 

ice,  1-16  tin. 

Service   

70 

..-.do  

500 

.4555 

Springfield,  like  serv- 

1 

12 

2 

21.4 

24. 

ice,  1-16  tin. 

70 

...do   

500 

.4555 

Springfield,  like  serv- 

2 

18. 

4 

29.1 

26. 

ice,  1-16  tin. 

Light  breeze  from  the  left. 


1,000  yards  range.— May  15, 1880. 


Rifle. 

Powder. 

Bullet, 

No.  of  target. 

Deviations. 

"Weight.  1 

Kind. 

Weight. 

i 

Caliber. 

Kind. 

M.  H. 

M.V. 

M.  A. 

Ors. 

Ors. 

Service   

70 

Hazard,  F.  G.. 

500 

.458 

Frankford,  like  service, 

1 

13. 26 

27.3 

30.3 

1-12  tin. 

Service   

70 

....do  

500 

.458 

Frankford,  like  service, 

2 

16.2 

26.2 

30.8 

1-12  tin, 

Service   

70 

....do   

500 

.458 

Frankford,  like  service, 

1 

25 

27.4 

37.1 

1-12  tin. 

Service   

70 

.-..do   

500 

.458 

Frankford,  like  service, 

1 

27.9 

19. 18 

33.8 

1-17  tin. 

Service   

70 

....do  

500 

.458 

Frankford,  like  service, 

2 

17.  16 

30.5 

34.9 

1-17  tin. 

Service   

70 

....do  

500 

.458 

Frankford,  like  service. 

1 

20.2 

34.6 

40.1 

1-17  tin. 

Service   

70 

....do   . 

500 

.4555 

Springfield,  like  serv- 

1 

16.9 

24.  M 

29.8 

ice,  1-16  tin. 

Service   

70 

....do  

500 

.4553 

Springfield,  like  serv- 

2 

31.  24 

24.9 

39.9 

ice,  1-16  tin. 

Service,  with 

80 

....do  

500 

.458 

Frankford,  like  service. 

1 

27.3 

33.7 

43.4 

lengthened 

1-12  tin. 

chamber. 

Do  

80 

....do  

500 

.458 

Frankford,  like  service, 

2 

22.1 

27.56 

35.3 

1-12  tin. 

First  eight  targets,  strong  wind  from  right  and  rear ;  last  two  targets,  very  strong  wind. 
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REPORT  OF  THE  CHIEF  OF  ORDNANCE. 
1,000  yards  range.— May  18,  1880. 


18-iDch  twist,  3 


Service,  with 
lengthened 
chamber. 


Powder. 


Kind, 


Hazard,  F.  G. 
...do   


....do   

..-.do   

Dupont  

....do   

Hazard,  F.  G 

.-..do  

.--.do  

....do  

....do   

...do  

Dupont  , 


Bullet. 


Qrs. 
500 


500 


500 
500 


500 
500 


480 


500 
500 


458 
458 


458 
458 


458 
458 


446 
446 
446 


,446 


446 
446 


Kind. 


Frankford,  like  service, 

1-12  tin. 
Frankford,  like  service, 

1-12  tin. 


Frankford,  like  service, 

1-17  tin. 
Frankford,  like  service, 

1-17  tin. 


Frankford,  like  service, 

1-12  tin. 
Frankford,  like  service, 

1-12  tin. 


Long-range  Springfield, 
grooved  and  lubri- 
cated, 1-19  tin. 

Long-range  Springfield, 
grooved  and  lubri- 
cated, 1-19  tin. 

Long-range  Springfield, 
grooved  and  lubri- 
cated, 1-19  tin. 


Long-range  Springfield, 
grooved  and  lubri- 
cated, 1-19  tin. 

Long-range  Springfield, 
grooved  and  lubri- 
cated, 1-19  tin. 


Frankford,  like  service, 

1-17  tin. 
Frankford,  like  service, 

1-12  tin. 


Mean. 


Mean. 


Mean. 


Deviations. 


M.  H. 


17.9 


13.7 


12.9 
9.3 


11.1 


12.8 
18.8 


15.8 


16.1 
8.4 


10.8 


23.7 
16.5 


20.1 


21.6 
7.1 


M.  Y. 


27.7 
16.4 


22 


25.9 
28.4 


27.1 


16.2 
35.3 


25.8 


n.7 

20 


20.2 


12.5 
18.5 


15.5 


22.3 
19.3 


M.  A. 


The  first  four  targets  and  second  last,  calm  ;  all  other  targets,  light  breeze  from  left  and  rear. 
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1,000  jfards  range.— May  25,  1880. 


Powder. 

Bullet, 

4.5 

Deviations. 

Rifle, 

targ 

•a 

Kind. 

<o 

-a 

Kind. 

<4-l 
O 

M,  H. 

M.  V. 

M.A. 

1 

Wei 

o 

c5 

 _ 

Grs. 

Ots. 

Service,  with 

75 

500 

.458 

Frankford,  like  service, 

1 

14.9 

25,9 

29.9 

lengt  h  e  n  e  d 

1-12  tin. 

chamber. 

Do  

75 

....do  

500 

.458 

Frankford,  like  service. 

2 

10.2 

19.4 

21.9 

1-12  tin. 

Do  

75 

....do  

500 

.458 

Frankford,  like  service, 

3 

10.3 

25.2 

27.2 

1  12  tin. 

75 

...  do   

500 

.458 

Frankford,  like  service. 

4 

15,1 

21.4 

26.2 

1-12  tin. 

Mean. 

12.6 

23 

26,3 

Do  

80 

....do   

500 

.458 

Frankford,  like  service, 

1 

8.7 

16.2 

18,4 

112  tin. 

Do  

80 

....do  

500 

.458 

Frankford,  like  service, 

2 

15.2 

25.7 

29.9 

1-12  tin. 

Do  

80 

....do   

500 

.458 

Frankford,  like  service, 

3 

13.7 

24.8 

28.3 

1-12  tin. 

80 

....do   

500 

.458 

Frankford,  like  service. 

4 

11.6 

29.6 

31.8 

1-12  tin. 

Mean, 

12,3 

24.1 

27.1 

Do  

80 

Hazard,  F.G.- 

500 

.458 

Frankford,  like  service. 

1 

6.3 

18.8 

19,8 

1-12  tin. 

Do  

80 

....do  

500 

.458 

Frankford,  like  service. 

2 

14.1 

17.9 

22.8 

1-12  tin. 

Do  

80 

....do  

500 

.458 

Frankford,  like  service. 

3 

12.9 

23.4 

26,7 

1-12  tin. 

Do  

80 

....do   

500 

.458 

Frankford,  like  service. 

4 

16.5 

18.1 

24,5 

1-12  tin. 

Mean, 

12.4 

19.5 

23.4 

Calm, 


800  yards  range— May  24,  1880, 


Powder. 

Bullet. 

"S 

Deviations. 

Eifle, 

Weight, 

Kind, 

Weight. 

Caliber. 

Kind. 

ho 
f-i 
c3 
-(J 

o 
6 

M,  H. 

M.  V. 

M.  A. 

Service,  with 
lengthened 
chamber. 
Do  

Ors. 
80 

80 

Hazard,  F,  G. . 
....do  

Grs. 
500 

500 

.458 
.4.58 

Frankford,  like  service, 
1-12  tin. 

Frankford,  like  service, 
112  tin. 

1 

2 

10.2 
9.4 

16.2 
12 

19,1 
15.2 

Mean. 

9.8 

14.1 

17.1 

Do  

80 

....do  

....do  

500 
500 
500 
500 

.458 
.458 
.4.58 
.458 

Frankford,  like  service, 

1-17  tin. 
Frankford,  like  service, 

1-17  tin. 
Frankford,  like  service, 

1-17  tin. 
Frankford,  like  service, 

1-17  tin. 

1 

9.8 
10.7 
9.3 

13.9 
9 

17 
14 
18,1 
16 

Do  

80 

2 

Do  

80 

....do  

....do   

3 

15.5 
14 

Do  

80 

4 

7.8 

Mean. 

9.4 

13.1 

16,3 

Light  breeze  from  the  left  and  rear. 
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REPORT  OF  THE  CHIEF  OF  ORDNANCE. 
800  yards  range.— May  24,  1880. 


Powder. 


Bullet. 


Eifle. 

S-i 

Kind. 

Kind. 

M.  H. 

M.  V. 

M.  A. 

Call 

6 

Grs. 

Grs. 

Service,  with 

75 

Dupont  

500 

.458 

Frankford,  like  service, 

1 

12. 1 

12. 3 

17.  3 

lengthened 

1-12  tin. 

chamber. 

75 

...  do   

500 

.458 

Frankford,  like  service. 

13.  4 

16.  5 

21.  2 

1-12  tin. 

75 

 do  

500 

.458 

Frankford,  like  service, 

3 

14.  5 

16.  7 

22. 1 

1-12  tin. 

Do  

75 

 do  

500 

.458 

Frankford,  like  service, 

4 

17 

11.  7 

20.  6 

1-12  tin. 

75 

 do  

500 

.  4o8 

Frankford,  like  service. 

O 

10.  3 

15.  9 

18.  9 

1-12  tin. 

Do  

75 

....do   

500 

.  458 

Frankford,  like  service, 

6 

5.3 

10.4 

11.7 

1-12  tin. 

Do  

75 

-...do   

500 

.  458 

Frankford,  like  service, 

7 

13.1 

11.2 

17.2 

1-12  tin. 

Do...   

75 

....do   

500 

.  458 

Frankford,  like  service, 

8 

5.2 

9.7 

11 

1-12  tin. 

Do  

75 

...  do   

500 

.  458 

Frankford,  like  service, 

9 

8.9 

15.6 

18 

1-12  tin. 

Do  

75 

....do   

500 

.  458 

Frankford,  like  service. 

10 

14.2 

14.5 

20.3 

1-12  tin. 

Do  

75 

....do   

500 

.  458 

Frankford,  like  service, 

11 

10.6 

14.5 

18 

1-12  tin. 

Mean 

11.  4 

13.  6 

17.  8 

80 

 do  

500 

.458 

Frankford,  like  service. 

1 

15.  6 

18.  9 

24.  5 

1-12  tin. 

Tin 

oU 

 ao  

500 

.458 

Frankford,  like  service, 

2 

9  4 

Id  A. 
IB.  1 

20  7 

1-12  tin. 

Do  

80 

....do  

500 

.458 

Frankford,  like  service, 

3 

16.4 

15.9 

22.8 

1-12  tin. 

Do  

80 

..-.do  

500 

.458 

Frankford,  like  service, 

4 

17.0 

19.8 

26.1 

1-12  tin. 

Do  

80 

....do   

500 

.458 

Frankford,  like  service. 

5 

9.2 

15.9 

18.6 

1-12  tin. 

Do  

80 

....do  

500 

.458 

Frankford,  like  service, 

6 

11.8 

9.6 

15.2 

1-12  tin. 

Do  

80 

....do  

500 

.458 

Frankford,  like  service, 

7 

9.4 

6.6 

11.5 

1-12  tin. 

Do  

80 

....do   

500 

.458 

Frankford,  like  service, 

8 

11.3 

18.8 

21.9 

1-12  tin. 

Mean. 

12.5 

14.5 

20.1 

Deviations. 


Light  breeze  from  the  left  and  rear. 


REPORT  OF  TlIK  CHIEF  OF  ORDNANCE. 

800  ijards  range— May  27,  1880. 


477 


Powder. 


Service,  with 
length  e  n  e  d 
chamber. 
Do  


Grs. 
75 


80 


80 


80 


80 


Kind. 


Dup  0  n  t . 

....do.  ... 
....do  .... 


....  do  

...do   

Hazard,  F.  G 

....do   

-...do   

....do   


....do 
....do 
...do 
...  do 


Bullet. 


Grs. 
500 


500 
500 


500 
500 


500 
500 
.500 
500 


500 
500 
500 
500 


458 

458 
458 


458 

,458 


458 
458 
458 
458 


Kind. 


Frankfoid,  like  service, 
l  ia  tin. 

Frankford,  like  service, 

1-12  tin. 
Frankford,  like  service, 

1-12  tin. 


Frankford,  like  service, 

1-12  tin. 
Frankford,  like  service, 

1-12  tin. 


Frankford,  like  service, 

1-12  tin. 
Frankford,  like  service, 

1-12  tin. 
Frankford,  like  service, 

1-12  tin. 
Frankford,  like  service, 

1-12  tin. 


4555  Springfield,  like  service, 

1-12  tin. 
4555  Springfield,  like  service, 

1-12  tin. 
4555  Springfield,  like  service, 
1-12  tin. 
Sprinefield,  like  service, 
1-12^  tin. 


Calm. 


Mean. 


Mean. 


1 
2 
3 
4 

Mean. 


Deviations. 


M.H. 


6.4 

8.8 
1.5.4 


10.2 

12 
8.1 


10 


10.4 
12.3 
12.4 
10.8 


11.5 


10 
12 

12.9 
11.5 

11.6 


M.V. 
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REPORT  OF  THE  CHIEF  OF  ORDNANCE. 
800  yards  range.— June  12,  1880. 


Rifle. 


Service . 
Service. 
Service. 


Service,  with 
lengt  h  e  n  e  d 
chamber. 
Do.  


Powder. 


Kind. 


Hazard,  F.  G. 

...do  

...do  


...do 
...do 


Ors. 
500 


500 
500 


500 
500 


Bullet. 


,4555 
,  4555 
4555 


4455 
4555 


Kind. 


Springfield,  like  service, 

1-16  tin. 
Springfield,  like  service, 

1-16  tin. 
Springfield,  like  service, 

1-16  tin. 


Springfield,  like  service, 
1-16  tin. 

Springfield,  like  service, 
1-16  tin. 


Deviations. 


M.H. 


15.3 
10 


11.7 


9.4 


8.1 


M.V. 


8.4 
11.4 
6.8 


13.3 


18.4 
12.5 


15.4 


M.  A. 


17.4 
15.2 
12 

14.9 


20.7 
14.2 


17.4 


Light  breeze  from  the  right  and  rear. 


800  yards  range. — June  16,  1880. 


Kifle. 

Powder. 

Weight. 

Kind. 

Grs. 

18-inch  twist,  6 

80 

Hazard,  F  G-. 

grooves,  with 

length  e  n  e  d 

chamber. 

Do  

80 

....do   

Do  

80 

....do   

Do  

80 

....do   

Do  

80 

....do   

Do.  

80 

.-..do   

Do  

80 

....do  

Do  

80 

....do   

Do  

80 

....do   

Do  

80 

....do   

Bullet. 


Grs. 
500 


500 
500 
500 
500 
500 
500 
500 
500 
500 


4555 

4555 
4555 
4555 
4555 
4555 
4555 
4555 
4555 
4555 


Kind, 


Springfield,  like  s  e  r- 
vice,  1-16  tin. 


Springfield, 

1-16  tin, 
Springfield, 

1-16  tin. 
Springfield, 

1-16  tin. 
Springfield, 

1-16  tin. 
Springfield, 

1-16  tin. 
Springfield, 

1-15  tin. 
Springfield, 

1-16  tin. 
Springfield, 

1-16  tin. 
Springfield, 

1-16  tin. 


like  service, 
like  service, 
like  service, 
like  service, 
like  service, 
like  service, 
like  service, 
like  service, 
like  service, 


Mean. 


Deviations. 


M.H. 


12.8 

11.4 
9.7 

13.5 
5.5 
9.0 

10.9 

13. 

12.5 

10.2 


10.8 


M.  V. 


10.9 

13,4 

7, 
10,7 

7,8 
12,4 
12,9 

9.7 
13.8 
10.6 


10.9 


M.A. 


16.8 

17.6 
12. 
17.2 
9.5 
15.3 
16.9 
16.2 
18.6 
14.7 


15.5 


Stiff  breeze  from  right  and  rear. 


REPORT  OF  TllK  CHIEF  OF  ORDNANCE. 
800  yards  ranyv. — June  18  and  22, 1880. 
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Powder. 

Rifle. 

§ 

Kind. 

1 

^ 

o 

June  18. 

Ors. 

Ors. 

LiOng-range  . . . . 

80 

Hazard,  F.  G.. 

550 

.  44fi 

LiOng-riiuso  . . . . 

bO 

...do   

550 

.440 

liOug-rfinge  .  

80 

...do   

550 

.44fi 

LiOiig-i'aiifjo  .  

80 

do 

550 

.  446 

Long-iauge  

80 

■"  do 

550 

!446 

June  22. 

Service,  with 

80 

Hazard,  F.  G.. 

500 

.  4555 

lengt  h  e  n  ed 

chamber. 

Do  

80 

...do   

500 

.4555 

Do  

80 

....do  

500 

.4555 

Do  

80 

....do   

500 

.4555 

Do  

80 

...do   

500 

.4555 

Do  

80 

...do   

500 

.  4555 

Bullet. 


Kind. 


Tatched,  1-19  tin. 
Patched,  1-19  tin 
PatduMl,  1-19  tin. 
Patched,  1-19  tin. 
Patched,  1-19  tin. 


Springfield,  like  service, 
1-16  tin. 

Springfield,  like  service, 

1-16  tin. 
Springfield,  like  service, 

1-16  tin. 
Springfield,  like  service, 

1-16  tin. 
Springfield,  like  service, 

1-16  tin. 
Springfield,  like  service, 

1-16  tin. 


Deviations. 


QU 

-S 

o 

M.H. 

M.  V. 

d 

1 

10.9 

9.9 

14.7 

2 

9.  6 

10.  6 

14.  3 

3 

7.4 

18.8 

20.2 

4 

10.  8 

13.  4 

17.2 

5 

9. 

12.7 

15.6 

J^can . . 

if.  o 

1  Q  1 

10.  i 

1 

9.  1 

10.9 

14.2 

2 

12.9 

9.1 

15.8 

3 

8.9 

12.6 

15.4 

4 

12.1 

6.2 

13.6 

5 

8.9 

12.2- 

15.1 

6 

15.3 

15.1 

21.5 

Mean.. 

11.2 

11. 

15.9 

First  five  targets,  calm  ;  the  others,  very  strong  wind  from  the  left. 


480  REPORT  OF  THE  CHIEF  OF  ORDNANCE. 

500  yards  range. — December  1,  16,  and  17,  1P79. 


Rifle. 


Powder. 


December  1. 
Service   

l8-incb  twist,  3 

grooves. 
18-inch  twist,  6 

grooves. 

Service   

18-inch  twist,  3 

grooves. 
18-inch  twist,  6 

grooves. 

December  16. 
Service   

18-inch  twist,  3 

grooves. 
18-inch  twist,  6 

grooves. 

Service   

18-inch  twist,  3 
grooves. 

18-inch  twist,  6 
grooves. 

December  17. 
Service   

Service   


18-inch  twist,  3 

grooves. 
18-inch  twist,  3 

grooves. 


18-inch  twist,  6 

grooves. 
18-inch  twist,  6 

grooves. 


Service 


18-inch  twist,  3 

grooves. 
18-inch  twist,  6 

grooves. 

Service   


18-inch  twist,  3 

grooves. 
18-inch  twist,  6 

grooves. 


Grs. 
70 

70 

70 

70 
70 
70 

70 
70 
70 

70 

70 

70 

70 
70 


Kind. 


Hazard,  F.  G 
...do  ... 
...do... 

...do  ... 
...do... 
...do  ... 

Hazard,  F.  Gr 

....do  

....do   

....do  

....do  

....do  

Hazard,  F.  G 
....do  


Hazard,  F.  G 
....do  


Hazard,  F.  G 
...do  


Hazard,  F.  G 


....do 
....do 

...do 
....do 
....do. 


Bullet. 


Grs. 
500 

500 

500 

500 
500 
500 

500 
500 
500 


480 
480 


500 
500 


500 
500 


500 
500 


480 
480 


490 
490 


.458 
.458 
.458 

.458 
.458 
.458 

.458 
.458 
.458 

.446 

.446 

.446 

.458 
.458 


458 
458 


458 
458 


.446 

.446 
.446 

.458 
.458 
.458 


Kind. 


Used  at  Sandy  Hook; 

full  at  point,'  1-12  tin. 
 do  


.do. 


Shoulder  at  front  of 

shell,  1-12  tin. 
Shoulder  at   front  of 

shell,  1-12  tin. 
Shoulder  at   front  of 

shell,  1-12  tin. 


Like  service,  except 
flat  base,  1-12  tin. 

Like  service,  except 
flat  base,  1-12  tin. 

Like  service,  except 
flat  base,  1-12  tin. 

Long-range  Sprinojfield, 
grooved  and  lubri- 
cated, 1-19  tin. 

Long-range  Springfield, 
grooved  and  lubri- 
cated, 1-19  tin. 

Long-range  Springfield, 
grooved  and  lubri- 
cated, 1-12  tin. 

Like  service,  except 
flat  base,  1-12  tin. 

Like  service,  except 
flat  base,  1-12  tin. 


Like  service,  except 
flat  base,  1-12  tin. 

Like  service,  except 
flat  base,  1-12  tin. 


Like  service,  except 
flat  base,  1-12  tin. 

Like  service,  except 
flat  base,  1-12  tin. 


Long-range  Springfield, 
grooved  and  lubri- 
cated, 1-19  tin. 

 do  


.do. 


Like  service,  1-12  tin 
Like  service,  1-12  tin 
Like  service,  1-12  tin  . 


Deviations. 

bD 

O 

6 

M.  n. 

M.  Y. 

M.  A. 

12.6 

11.3 



16.9 

9.  25 

8.92 

12.9 

4. 65 

9.8 

10.9 

1 

9.  7 

8.  5 

12.  9 

1 

8.3 

6.5 

10.5 

10.4 

9.5 

14.1 

1 

6.  36 

4. 

7.5 

6.  92 

8.76 

11.1 

5. 

6.  04 

7.9 

2.  88 

8.  56 

9. 99 

4.8 

5.76 

7.5 

5.  44 

6.  52 

8.  49 

4.5 

10.  56 

11.5 

2 

6.  1 

7.  3 

9.  5 

Mean.. 

5.3 

8. 93 

10.5 

1 

7. 

6.3 

9.4 

2 

7.  4 

10. 

12. 4 

Mean . . 

7.2 

8.1 

10.9 

1 

8.  76 

5.4 

10.3 

2 

4. 14 

5. 

6.  49 

Mean.. 

6.  45 

5.2 

8. 39 

1 

7.6 

6.  64 

10.1 

1 

3.  76 

3. 16 

4.  91 

5. 16 

7. 

8.7 

4.7 

3.  54 

5.  88 

3.  32 

5.3 

6.  25 

7.44 

6.  64 

10. 

REPORT  OF  THE  CHIEF  OF  ORDNANCE. 
500  yards  range. — Decemher  19,  23,  187U,  and  February  18,  1880. 
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Kifle. 


Decemher  19. 

Service  

Service   


>ri'vice  

It^  iuch  twist,  3 

ixroovcs. 
ISiuch  twist,  6 

Uiooves. 

s^' IV  ice  


Ir-iiicli  twist,  3 

grooves. 
IS-iuch  twist,  6 

grooves. 


Powder. 


bervice 


IS-inch  twist,  6 
grooves. 

Long-range  

Long-range  


■  Decemher  23. 

Service   

Service   

18-incli  twist,  3 

grooves. 
18-inch  twist,  6 

grooves. 
Long-range  

18-inch  twist,  3 

grooves. 
18-inch  twist,  6 

grooves. 

February  18. 

Service   

Service   

Service   

Service   

Service,  with 
lengthened 
chamber. 

Do  

Do  

Do  

Service,  with 
length  e  n  e  d 
chamber. 

Do  

Do  

Do  


70 


80 


Kind. 


Service 
....do  .. 


Hazard,  F.  G. 

...do   

...do   


do 


...do 
...do 


.do 

.do 


...do 
...do 


Service  . 
Hazard,  F.  G 
. . .  do  

....do  

...do   

..-.do  

....do   


Service  . 
...do  ... 
...do  ... 
...do  ... 


....do 


....do 
....do 
....do 


Hazard,  F.G.. 


...do  

...do  

...do  


Bullet. 


4^ 

i 

Qrs. 

405 

.458 

405 

.458 

500 

.453 

500 

.458 

500 

,458 

480 

.446 

480 

.446 

480 

.  446 

500 

.45 

500 

.45 

500 

.446 

500 

.446 

Grs. 

405 

.458 

490 

.458 

490 

.458 

490 

.458 

500 

.446 

5D0 

.45 

ouu 

.  45 

405 

.458 

405 

.458 

405 

.  458 

405 

.458 

405 

.  458 

405 

.458 

405 

.458 

405 

.458 

550 

.458 

550 

.458 

550 

.458 

550 

.458 

Kind. 


Service,  1-16  tin 
Service,  1-16  tin 


Like  service,  except 
flat  base,  1-12  tin. 

Like  service,  except 
flat  base,  1-12  tin. 

Like  service,  except 
flat  base,  1-12  tin. 

Long-range  Springfield, 
grooved  and  lubri- 
cated, 1-19  tin. 


Flat  base; 

1-12  tin. 
Flat  base; 

1-12  tin. 


flat  point, 
flat  point, 


Patched,  1-19  tin 
Patched,  1-19  tin 


Service,  1-16  tin  

Like  service,  1-12  tin. . 
Like  service,  1-12  tin.. 

Like  service,  1-12  tin.. 

Patched,  1-19  tin  


Flat  base;  flat  point, 

1-12  tin. 
Flat  base;  flat  point, 

1-12  tin. 


Service,  1-16  tin 
Service,  1-16  tin 
Service,  1-16  tin  . 
Service,  1-16  tin  . 


Service,  1-16  tin 


Service,  1-16  tin 
Service,  1-16  tin 
Service,  1-16  tin 


Like  service,  1-12  tin 


Like  service,  1-12  tin 
Like  service,  1-12  tin 
Like  service,  1-12  tin 


Mean.. 


Deviations. 


M.n. 


4.5 


Mean.. 


Mean. 


Mean . , 


6.5 
6. 56 
14.  56 

6.8 

5.6 
5.9 

12.3 
8.2 


4.  34 
5.4 


4.  87 


5, 
4.76 
5.5 

4.7 

3.4 

6.4 

21.3 


4.3 
8.1 

6.  56 

7.  58 


6.  68 


7.6 


7.  56 
4.  68 
5.2 


08 


4.  44 
4.  32 
6.7 


4.  88 


M.  Y. 


31  CRD 
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500  yards  range. — March  6  and  8,  1880. 


Powder. 

Bullet. 

No.  of  target. 

Deviations. 

.rune. 

Kind. 

s 

o 

Kind. 

M.H. 

M.V. 

M.A. 

March  6. 
Service,  with 

Ors 
70 

Service   

Chrs. 
405 

.458 

Service,  1-16  tin  

1 

'7.5 

7.1 

10.3 

length  e  n  e  d 
chamher. 

i  , 

Do  

70 
70 

....  tlO  

....do  

405 
405 
405 

.458 
.  458 
.458 

Service,  1-16  tin  

Service,  1-16  tin  

5.  7 
5.2 
5.7 

11. 1 
8.3 
4.3 

12.5 
9.  79 
7. 14 

Do  

2 
3 

Do  

70 

....do  

4 

Mean.. 

6.  0 

7.  7 

9.  93 

Service   

70 

Service 

405 

.  458 

1 

8.  3 

8.  4 

11.  8 

Service,  with 
lengthened 
chamber. 

80 

Hazard,  F.G.. 

500 

.4555 

Like  service,  1-12  tin  

7.3 

6.8 

9.  98 

T\n 

80 
80 

do 
!!!.'do 

....do   

....do  

500 
500 
500 
500 

.  4555 
.  4555 
.  4555 
.  4555 

Like  service,  1-12  tin  

Like  service,  1-12  tin. . . 

Like  service,  1-12  tin  

Like  service  1-12  tin.  

4.  4 
12.6 

3.2 

5.  4 

6.  4 
10.6 
4.6 

7.  83 
16.5 

5.6 
10.1 

Tin 

2 

Do 

80 

3 

Do  

80 

4 

5 

8.5 

Mean.. 

6.6 

7.4 

10. 

jjKirvfi  c. 

70 
70 
70 

Hazard,  F.  G.. 

....do   

..-.do   

500 
500 
500 

.  4555 
'.  4555 
.4555 

Like  service  1-12 tin.... 

Like  service,  1-12  tin  

Like  service,  1-12  tin  

1 

3 
3 

5.  7 
4.4 
10.1 

5.  3 
9.2 
8.4 

7.  78 
10.2 
13.2 

Service   

Mean.. 

6.7 

7.6 

10.  39 

Service   

70 
70 

Hazard,  F.G. . 
...do  

500 
500 

.  4.555 
.4555 

Like  service,  1-16  tin  

Likeservice,  1-16  tin  

]^ 

o 

li 

4.4 

4.4 

5.2 

6.3 
7.9 

Service   

6. 

Mean.. 

0.  54 

7. 1 

DO 

65 

....do   

500 
500 

.4555 
.  4555 

Like  service,  1-12  tin  

Like  service  1-12  tin .... 

1 

5.9 
4.  5 

10. 
7.  7 

11.6 
8.  91 

2 

Mean.. 

5.2 

8.8 

10.25 

70 

Hazard,  F.  G.. 

480 

.446 

Long-range  Springfield, 
grooved  and  lubricat- 

1 

9.1 

9.5 

13.1 

ed,  1-19  tin. 

Long-range  .... 

80 

Hazard,  F.G.. 

500 

446 

Patched,  1-19  tin  

1 

5.4 

4.4 

6.97 

Long-range  

80 

....do  

500 

446 

2 

4.4 

6.5 

7.85 

Mean.. 

4.9 

5.4 

7.41 

REPORT  OF  THE  CHIEF  OF  ORDNANCE. 

50  yurdii  raiujc. — March  18,  1880. 
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Rifle. 


March  18. 

Service   

Service   

Service   

Service   

Service   


Service,  vv^ith 
length  e  n  e  d 
chamber. 

Do  

Do  

Do  

Do  


Long-range  . . . . 
Long-range . . . . 


Powder. 


80 


Kind. 


Hazard,  T.  G. 

 do  

....do   

....do   

....do   


Hazard,  F.  G. 


Ballet. 


..do 
..do 
..do 
..do 


Hazard,  P.  G. 
...do  


Ors. 
500 
500 
500 
500 
500 


500 


500 
500 
500 
500 


500 
500 


4555 
45.=)5 
4555 
4555 
4555 


4555 


4555 
4555 
4555 
4555 


.446 
.446 


Kind. 


Like  aorvice,  1-12  tin. 
Like  service,  1-12  tin . 
Like  service,  1-12  tin. 
Like  service,  1-12  tin. 
Like  service,  1-12  tin. 


Like  service,  1-12  tin. 


Like  service,  1-12  tin . 
Like  service,  1-12  tin. 
Like  service,  1-12  tin . 
Like  service,  1-12  tin. 


Patched,  1-19  tin. 
Patched,  1-19  tin. 


Mean. 


Mean. 


Deviations. 


M.H. 


9.  88 

5.76 

6.96 

9.3 

6.2 


7. 58 


4.9 


3.8 
5. 12 
5.2 
6.  34 


5.7 


7.0 
7.3 


7.1 


M.V. 


IL  38 
8.  70 
7.3 

11.  04 
8. 18 


9.  33 


7.  64 
7.3 
7.0 
7. 16 


M.  A. 


14.  96 
10.  39 
10.  05 
14.45 
10.1 


99 


5.32  7.21 


88      8. 55 


8. 36 
10.67 


9.  51 


500  yards  range.— March  22,  1880. 


Eifle. 


Service 
Service 
Service 
Service 
Service 


Service,  with 
length  en  ed 
chamber. 

Do  

Do  

Do  

Do  


Powder. 


Kind. 


Hazard,  P.  G. 

. . .  .do  

....do  

....do  

....do   


Hazard,  P.  G, 


-...do  .... 
....do  .... 
..-.do  .... 
.-..do  .... 


Bullet. 


Grs. 
500 
500 
500 
500 
500 


500 


500 
500 
500 
500 


.4555 
.  4555 
.4555 
.4555 
.4555 


4555 


4555 
4.555 
4555 
.4555 


Kind. 


Like  service,  1-12  tin. 
Like  service,  1-12  tin. 
Like  service,  1-12  tin. 
Like  service,  1-12 tin. 
Like  service,  1-12  tin. 


Like  service,  1-12  tin  


Like  service,  1-12  tin. 
Like  service,  1-12  tin. 
Like  service,  1-12  tin. 
Like  service,  1-12  tin. 


Deviations. 


1 

o 

M.  H. 

M.V. 

M.A. 

6 

1  ^ 

( 

1  1 

7.9 

8. 

11.2 

2 

11.4 

6.8 

13.3 

3 

8.8 

5.6 

10.4 

4 

7.8 

6.4 

10.1 

5 

6.8 

4.8 

8.  32 

Mean.. 

8.5 

6.3 

10.  66 

1 

7.6 

4.3 

8.  73 

2 

5.3 

4.6 

7.02 

3 

5.5 

5. 

7.43 

4 

4.2 

7. 

8.16 

5 

5.  04 

2. 96 

5.  85 

Mean.. 

5.  53 

4.  77 

7.44 

484 


REPORT  OF  THE  CHIEF  OF  ORDNANCE. 

500  yards  range. — March  27  and  29,  1880. 


Powder. 

Bullet. 

o 

Deviations. 

Kifle. 

Weight. 

Kind. 

Weight. 

Caliber. 

Kind. 

No.  of  targ 

M.H. 

M.V. 

M.A. 

Match  27. 

Ors. 
70 

do 

Grs. 
500 

.4555 

Jjl  JVt?  0\71  V  H.yC>,  X-i.U   \iUX  ■  a  -  • 

Ijil^e service  1-16  tin... 
Tjike  service  1-16  tin. 

Like  service,  1-16  tin  

Like  service,  1-16  tin  

4.  9 

8.  7 

Q  0)3 

Service   

70 

500 

.4555 

I 

4. 1 

6.  46 

Service   

70 

do 

500 

.  4555 

2.  8 

7.  6 

8. 1 

70 
70 

!!!!do 

500 

.4555 

7!l 

sis 

9.' 17 

....do  

500 

.4555 

8.4 

7.3 

11.1 

Mean . . 

5.5 

6.9 

8.  96 

Service,  with 
length  e  n  e  d 
chamber. 
Do  

80 

80 

Hazard.  F.G.. 
 do  

ouu 

500 

.  1000 

.4555 

Like  service,  1-16  tin  

Like  service  1-16  tin.  

1 

2 

5.1 
6. 1 

5. 
6.  4 

7.2 
9.  4 

Do  

80 

..l.do   

5(10 

.4555 

Like  service  1-16  tin. 

3 

2!  7 

9 

9.  3 

Do  

80 

500 

.4555 

Like  service,  1-16  tin  

4 

4. 

4'  5 

6.  02 

Do  

80 

".'.'.^do 

500 

.4555 

Like  service,  1-16  tin  

5 

3.  9 

6.' 4 

7!  5 

Mean 

4.4 

6.6 

7.9 

2£arch  29. 
Service,  with 
length  e  n  e  d 
chamber. 
Do  

80 
80 

Hazard,  F.G.. 
.do 

500 
500 

.4555 
.  4555 

Like  service,  1-16  tin  

Like  service,  1-16  tin  

1 

2 

5. 1 
5.  44 

5.  4 
4.  2 

7.  43 
6.  87 

Do.  

80 

'."'.do 

500 

.4555 

Like  service,  1-16  tin  

3 

4!  7 

7!  5 

a  85 

Do  

80 

....do  

500 

.4555 

Like  service,  1  -16  tin . . . 
Like  service,  1-16  tin  

4 

4.  44 

4.5 

6.  3-2 

Do  

80 

....do   

500 

.4555 

7.4 

5.4 

9. 16 

Mean . . 

5.  42 

5.4 

T.,a 

March  29.* 
Service   

70 
70 
70 
70 
70 

Hazard,  F.  G.. 
....do   

500 

.4555 

Like  service,  1-16  tin  

Like  service,  1-16  tin  

1 

4.  96 

6.5 

8.2 

Service   

500 

.  4555 

2 

13.8 

6. 

15. 

Service   

....do   

500 

.4555 

Like  service,  1-16  tin  

3 

8.7 

5.6 

10.3 

Service   

....do  

500 

.4555 

Like  service,  1-16  tin  

Like  service,  1-16  tin  

4 

6.1 

10.6 

12.2 

....do   

500 

.4555 

5 

10.2 

11.6 

15.4 

Mean . . 

8.  75 

8.1 

12.2 

*  Very  heavy  wind. 
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500  yards  range. — Jpril  5,  1880. 
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Rifle. 


Service 
Service 


Service,  witli 
length  e  n  e  d 
chamber. 
Do...  


Do. 
Do. 


Powder. 


ars. 
70 
70 


80 


Kind. 


Hazard,  ¥.  G. 
...do  


Hazard,  F.  G. 


.do  ... 


Service 
....do  .- 


Bullet. 


Ors. 
500 
500 


500 
500 


500 
500 


.  4555 
.4555 


4555 
4555 


458 
458 


Kind. 


Like  service,  1-12  tin. 
Like  service,  1-12  tin. 


Like  service,  1-16  tin . 
Like  service,  1-16  tin. 


Frankford,  like  service, 

1-12  tin. 
Frankford,  like  service, 

1-12  tin. 


Mean. 


Mean. 


Deviations. 


M.H. 


7.3 
5.3 


6.3 


6.4 
9.1 


7.7 


7.9 


Mean. 


6.7 


M.V.  M.A 


3.8 
5.4 


8.  23 
7.57 


7.9 


4.  9       8.  06 
12.7 


11.04 

7.  56 


10.  38 


12.7 
10.9 


30    11. 8 


500  yards  range.— April  16,  1880. 


Rifle. 


Powder. 


Kind. 


Bullet. 


Kind. 


Deviations. 


M.H. 


M.Y. 


M.  A. 


Service 
....do  .. 
....do  .. 
....do  .. 


Hazard,  F.  G. 

...do  

...do  

...do   

...do   

...do   

...do  

...do  


Grs. 
405 
405 
405 
405 


500 
500 
500 
500 
500 
500 
500 
500 


458 
458 
458 
458 


4555 
4555 
4555 
4555 
4555 
4555 
4555 
4555 


Service 
Service 
Service 
Service 


Mean. 


Like 
Like 
Like 
Like 
Like 
Like 
Like 
Like 


service, 
service, 
service, 
service, 
service, 
service, 
service, 
service, 


1-16  tin. 
1-16  tin. 
1-16  tin. 
1-16  tin. 
1-16  tin. 
1-16  tin. 
1-16  tin. 
1-16  tin. 


5.9 
5. 

5.2 
7.1 


5.8 


7.3 
4.5 
7.2 
5,5 
9.7 
8.3 
8. 

7.1 


Mean..    7.2  6.5 


7.7 
6.7 
4.8 
4.9 


6.0 


4.3 
7.4 
8.7 
5.1 
8.2 
5.7 
6.4 


9.7 

8.3 


6.2 
10.3 
10.3 
11.0 
11.7 
9.8 
9.5 


9.8 


Hare. 


tM.W.  Bull. 


l  Cranston. 


F.  E.  Bull. 
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REPORT  OF  THE  CHIEF  OF  ORDNANCE. 
500  yards  range. — Jjpril  30,  1880. 


Rifle. 


Powder. 


Kind. 


Bullet. 


Kind. 


Deviations. 


M.H. 


Service 
Service 
Service 
Service 


Service,  with 
length  e  n  e  d 
chamber. 

Do  

Do  

Do  


Long-range  

Long-range . . 
Long-range .  - 
Long-range  


Service , 


80 


67 


Hazard,  F.G. 
....do  

...do   

....do   


Hazard,  F.  G. 


....do  ... 
....do  ... 
....do  ... 


Hazard,  F.G. 

 do  

....do  

....do  


.do  ... 


Grs. 
500 
500 
500 
500 


500 


500 
500 
500 


500 
500 
500 
500 


500 


4555 
4555 
4555 
4555 


4555 


4555 
4555 
4555 


446 
446 
446 


4555 


Like  service,  1-16  tin. 
Li  ke  service,  1-16  tin. 
Like  service,  1-16  tin. 
Like  service,  1-16  tin. 


Like  service,  1-16  tin. 


Like  service,  1-16  tin. 
Like  service,  1-16  tin. 
Like  service,  1-16  tin. 


Patched,  1-19  tin 
Patched,  1-19  tin 
Patched,  1-19  tin 
Patched,  1-19  tin 


Like  service,  1-16  tin  


7.9 
7.2 
12.5 
4.4 


Mean. 


7.7 


5.1 
5.1 
5.4 


Mean. 


7.7 


6.2 
4.2 
5.2 
7.4 


Mean. 


5.7 


5.9 


REPORT  OF  THE  CITIEF  OF  ORDNANCE. 
500  yards  range. — May  \i,  1880. 


487 


Powder. 


Riflo. 


Service 
Service 
Service 
Service 
Service 
Service 


Service,  witli 
lengtliened 
chamber. 
Do  

Do  

Do  

Do  

Do  


80 


Kind. 


Oriental  

Hazard,  F.  G 

Oriental  

Hazard,  F.  G 

....do  

....do  


Oriental 


Hazard,  F.  G 
Oriental .... 
Hazard,  F.  G 

...do  

...do  


Bullet. 


Ors. 
500 

500 

500 

500 

500 

500 


500 

500 
500 
500 
500 
500 


o 

458 

458 

458 

458 

4555 

4555 


458 

458 

458 

458 

4555 

4555 


Kind. 


Fraukf  ord,  like  service, 
1-12  tin. 

Frankford,  like  service, 
1-12  tin. 

Fiankford,  like  service, 
1-17  tin. 

Frankford,  like  service, 
1-17  tin. 

Springfield,  like  serv- 
ice, 1-16  tin. 

Springfield,  like  serv- 
ice, 1-16  tin. 


Frankford,  like  service, 
1-12  tin. 

Frankford,  like  service, 
1-12  tin, 

Frankford,  like  service, 
.1-17  tin, 

Frankford,  like  service, 
1-17  tin. 

Springfield,  like  serv- 
ice, 1-16  tin, 

Springfield,  like  serv- 
ice, 1-16  tin. 


Mean. 


Mean. 


Deviations. 


M.  H 


6.4 
4.9 
5.4 
6.1 
4.2 
8.7 


6.4 


4.9 

5.6 
6.8 
5.6 
5.2 
4.9 


M.  V 


5. 

7.1 

8. 

6.2 
4.8 
8.3 


6.5 


10. 

5.2 
6.2 
7. 

4.8 
8. 


6.4 


M.  A. 


8.1 
8.6 
9.7 
8.7 
6.4 
12. 


9.2 


11.2 

7.6 

9.2 

9. 

7.1 

9.4 


8.2 


Light  wind  from  right  and  rear. 
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REPORT  OF  THE  CHIEF  OF  ORDNANCE. 
500  yards  range— May  8,  1880. 


Powder. 


Kifle. 


Service  . 
Service . 
Service . 
Service  . 
Service  . 
Service . 


Ors. 
70 

70 

70 

70 

70 

70 


Service,  with 
lengthened 
chamber. 
Do  

Do  

Do  

Do  

Do  


80 


80 


Kind. 


Oriental  

Hazard,  F.G 

Oriental  

Hazard,  F.  G 

....do  

....do  , 


Oriental 


Hazard,  F.  G 

Oriental  

Hazard,  F.  G 

....do  

....do  


Bullet. 


ars. 
500 

500 

500 

500 

500 

500 


500 

500 
500 
500 
500 
500 


458 

458 

458 

458 

4555 

4555 


458 

458 

458 

458 

4555 

4555 


Kind. 


Frankford,  like  service 

1-12  tin. 
Frankford,  like  service, 

1-12  tin, 
Frankford,  like  service, 

1-17  tin. 
Frankford,  like  service 

1-17  tin. 
Springfield,  like  serv 

ice,  1-16  tin. 
Sjjringfield,  like  serv 

ice,  1-16  tin. 


Frankford,  like  service 
1-12  tin. 

Frankford,  like  service, 

1-12  tin. 
Frankford,  like  service 

1-17  tin. 
Frankford,  like  service 

1-17  tin. 
Springfield,  like  serv 

ice,  1-10  tin. 
Springfield,  like  serv 

ice,  1-16  tin. 


Deviations. 

S 

M.  H. 

M.  Y. 

- 

M.  A. 

1 

7.6 

5.6 

9.4 

7.8 
6.  9 

9.9 
8.  8 

12.6 
11.  2 

7.8 

5.6 

9.6 

4.4 

9.7 

10.6 

2 

2.9 

7.4 

8. 

Mean.. 

3.6 

8.5 



9.3 

5.7 

6.1 

8.4 

9.7 
6.6 

6.1 
10. 

11.5 
12. 

11.4 

6.8 

13.3 

6.5 

5.9 

9.3 

2 

6.3 

5.6 

8.4 

Mean.. 

6.4 

5.7 

8.8 

Light  breeze  from  right  and  rear. 


500  yards  range— May  11,  1880. 


Powder. 


Rifle. 


Service   

Service   

Service   

Service   

Service  with 
lengthened 
chamber. 
Do  

Do  

Do  

Do  


Grs. 
70 

70 

70 

70 

80 


80 


Kind. 


Oriental  

....do  

....do  

Hazard,  F.  G 
Oriental  


...do  

Hazard,  F.  G 

...do  

...do  


Bullet. 


Grs. 
500 

500 

500 

500 

500 

500 
500 
500 
500 


.458 
.458 
.458 
.458 
.458 

.458 
.458 
.458 
.4555 


Kind. 


Frankford,  like  service, 

1-12  tin. 
Frankford,  like  service, 

1-12  tin. 
Frankford,  like  service, 

1-12  tin. 
Frankford,  like  service, 

1-12  tin. 
Frankford,  like  service, 

112  tin. 

Frankford,  like  service, 
M2tin. 

Frankford,  like  service, 
1-12  tin. 

Frankford,  like  service, 
1-12  tin. 

Springfield,  like  serv- 
ice, 1-16  tin. 


Deviations. 


M.  H. 


5.9 
7. 
3. 
11. 
9. 

8.5 
8.4 
8.1 
6.1 


M.  V. 


10.2 
9.1 
4.8 
9.5 
9.3 

7.4 
5.9 
6.3 
7.4 


M-  A. 


11.8 
11.5 
5.7 
14.5 
12.9 

11.3 
10.3 
10.2 
9.6 


Fresh  breeze  from  left  and  rear. 


REPORT  OF  THE  CHIEF  OF  ORDNANCE. 

500  yards  range— May  12,  1880. 


489 


Powder. 


Hifle. 


Service 
Service 
Service 
Service 
Service 
Service 


Grs. 
70 

70 

70 

70 

70 

70 


Service,  with 
lengthened 
chamber. 
Do  

Do  

Do  

Do  

Do-...  


80 


Kind. 


Oriental  

Hazard,  F.  G. 

Oriental  

Hazard,  F.  G. 

...  do  

...do  


Oriental 


Hazard,  F.  G 

Oriental  

Hazard,  F.  G 

....do   

....do   


Bullet. 


Ors. 
500 

500 

500 

500 

500 

500 


500 

500 
500 
500 
500 
500 


458 

458 

458 

458 

4555 

4555 


458 

458 

458 

458 

4555 

4555 


Kind. 


Frankf  ord,  like  service, 
1-12  tin. 

Franliford,  like  service, 
1-12  tin. 

Frankf  ord,  like  service, 
1-17  tin. 

Frankford,  like  service, 
1-17  tin. 

Springfield,  like  serv- 
ice, 1-16  tin. 

Springfield,  like  serv- 
ice, 1-16  tin. 


Frankford,  like  service 
1-12  tin. 

Frankford,  like  service 

1-12  tin. 
Frankford,  like  service, 

1-17  tin, 
Frankford,  like  service 

1-17  tin. 
Springfield,  like  serv 

ice,  1-16  tin. 
Springfield,  like  serv 

ice,  1-16  tin. 


Mean.. 


Mean.. 


Deviations. 


M.  H, 


6.1 
5.1 
12.6 
4.4 
4. 
7. 


5.5 


10.4 

5.4 
8.3 
9.3 
7.8 


M.  V. 


Strong  wind  from  the  left. 


0 
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EEPORT  OF  THE  CHIEF  OF  ORDNANCE. 

500  yards  range. — May  15,  1880. 


Powder. 


Eifle. 


Service   

Service']  

Service'  

Service  

Service   

Service   

Service,  with 
lengthened 
chamber. 
Do  

Do  

Do  

Do  

Do  

Do  

Do  

Do  

Do  


Grs 
70 

70 

70 

70 

70 

70 


Kind. 


Oriental  

Hazard,  T.  G 

...do  

...do  

...do  

...do  

Oriental  

....do   

Hazard,  F.  G 

...do  

Oriental  

...do  

Hazard,  ¥.  G 

...do  

...do  

...do  


Bullet. 


Grs. 
500 

500 

500 

500 

500 

500 

500 

500 
500 
500 
500 
500 
500 
500 
500 
500 


.458 

.458 

.458 

.458 

.  4555 

.4555 

.458 

458 
458 
.458 
.468 
4555 
.4553 
4555 
4555 
4555 


Kind. 


Frankfoid,  like  service, 
1-17  tin. 

Frankford,  like  service, 
1-17  tin. 

Frankford,  like  service, 
1-17  tin. 

Frankford,  like  service, 
1-17  tin. 

Springfield,  like  serv- 
ice, 1-16  tin. 

Si>ringfield,  like  serv- 
ice, 1-16  tin. 

Frankford,  like  service, 
1-12  tin. 

Frankford,  like  service, 
1-12  tin. 

Frankford,  like  service, 
1-12  tin. 

Frankford,  like  service, 
1-12  tin. 

Frankford,  like  service, 
1-17  tin. 

Frankford,  like  service, 
1-17  tin. 

Si)ringtield,  like  serv- 
ice, 1-16  tin. 

Springfield,  like  serv- 
ice, 1-16  tin. 

Springfield,  like  serv- 
ice, 1-16  tin. 

Springfield,  like  serv- 
ice, 1-16  tin. 


Deviations. 


M.H. 


4.5 
8.3 
9.2 
8.3 
5.7 
7.6 

10. 

8. 
10.3 
13.6 

6.2 


4.4 

9.2 


Strong  wind  from  the  left. 


REPORT  OF  THE  (JHIEF  OF  ORDNANCE. 
500  yards  range.— May  17,  1880. 


491 


Powder. 


Rifle. 


Service   

Service   

Service   

Service   

Service   

Service   

IS-incli  twist,  3 

grooves. 
18-mch  twist,  3 

grooves. 
18-mcli  twist,  3 

grooves. 
18- inch  twist,  3 

grooves. 

Service,  with 
lengthened 
chamber. 
Do  

Do  

Do.  


Ors. 
70 

70 

70 

70 

70 

70 

70 
70 
70 
70 

75 

75 
80 
80 


Kind. 


Dupont  

....do  

Hazard,  F.  G. 

....do  

....do   

....do   


Dupont  

....do  

Hazard,  F.  G. 
....do  


Dupont . 


...do  

Hazard,  F.G. 
...do  


Bullet. 


Grs. 
500 

500 

500 

500 

500 

500 

500 
500 
500 
500 

500 

500 
500 
500 


458 

458 

458 

458 

4555 

4555 

458 
458 
4555 
.4555 

.458 

458 
458 
.458 


Kind. 


Frankford,  like  service, 
1-12  tin. 

Frankford,  like  service, 
1-12  tin. 

Frankford,  like  service, 
ice,  1-12  tin. 

Frankford,  like  service, 
1-12  tin. 

Springfield,  like  serv- 
ice, 1-12  tin. 

Springfield,  like  serv- 
ice, 1-12  tin. 

Frankford,  like  service, 
1-12  tin. 

Frankford,  like  service, 
1-12  tin. 

Springfield,  like  serv- 
ice, 1-16  tin. 

Springfield,  like  serv- 
ice, 1-16  tin. 

Frankford,  like  service, 
1-12  tin. 

Frankford,  like  service, 

1-12  tin. 
Frankford,  like  service, 

1-12  tin. 
Frankford,  like  service, 

1-12  tin. 


Deviations. 


M.H. 


9.3 
7.6 
9.2 
5.8 
7.7 
8.6 


11.  36 


M.V. 


6.2 
6.7 
7.9 
4.4 
4.8 
3.  68 

8.2 
8.4 
3.6 
4.2 

9. 52 

6.88 

6.6 

3.32 


M.A. 

11.2 
10.1 
12.1 

7.3 

9. 

9.3 

9.5 
11.2 

8.5 
10.5 

14.7 

11.2 
9.6 
6.2 


Stiff  bree25©  from  left  and  rear . 
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KEPORT  OF  THE  CHIEF  OF  ORDNAJSTCE. 
500  yards  range. — May  17,  1880. 


Powder. 


Rifle. 


Long-range . . . 

Service   

Service,  with 
lengthened 
chamher. 
Do  

Do  

Do  

Do  

Do  

Do  

Do  


Ors. 
70 

70 

75 

75 


80 


Kind. 


Hazard,  F.  G.. 

....do  

Dupont  


,...do  


Hazard,  F.  G.. 
...do  


Dupont. 
...do... 


Hazard,  P.  G.. 
...do  


Bullet. 


Grs. 
500 

500 

500 

500 


500 
500 


500 
500 


500 
500 


4555 
4555 
458 

458 


4555 
4555 


458 
458 


.4555 
.4555 


Kind. 


Springfield,  like  serv- 
ice, 1-12  tin. 

Springfield,  like  serv- 
ice, 1-12  tin. 

Frankford,  like  service, 
1-12  tin. 

Frankford,  like  service, 
1-12  tin. 


Springfield,  '  like  serv- 
ice, 1-12  tin. 

Springfield,  like  serv- 
ice, 1-12  tin. 


Frankford,  like  service. 

M2  tin. 
Frankford,  like  service, 

1-12  tin. 


Sjiringfield,  like  serv- 
ice, 1-12  tin. 

Springfield,  like  serv- 
ice, 1-12  tin. 


Mean. 


Mean. 


Mean. 


Deviations. 


M.H. 


12.8 
8.4 


10.6 


3.7 
4.9 


4.3 


5.4 
6.2 


5.8 


8.1 
5.9 


Stiff  breeze  from  the  left. 


REPORT  OV  THE  CEIEF  OF  ORDNANCE. 

500  yards  range— May  21,  1880. 


493 


Powder. 


Service,  with 
lengthened 
chamber. 
Do  


W) 

'S 

ars 
75 

75 
75 
75 


80 


80 


80 


Kind. 


Dupont 

....do  .. 
....do.. 
....do  .. 

Dupont 
....do  .. 
....do 
....do  .. 


Hazard,  F.  Gr. 


....do 

....do 


Hazard,  F.  G. 

....do  

....do  

....do   


Bullet. 


Ors. 
500 


500 
500 
500 


500 
500 
500 
500 


500 

500 
500 


500 
500 
500 
500 


458 

458 
458 
458 


458 
458 
458 
458 


458 

458 
458 


4555 
4555 
4555 
4555 


Kind. 


Frankford,  like  service, 
1-12  tin. 

Frankford,  like  service, 

1-12  tin. 
Frankford,  like  service, 

1-12  tin. 
Frankford,  like  service, 

1-12  tin. 


Frankford,  like  service, 

1-12  tin. 
Frankford,  like  service, 

1-12  tin. 
Frankford,  Mke  service, 

1-12  tin. 
Frankford,  like  service, 

1-12  tin. 


Frankford,  like  service, 
1-12  tin. 

Frankford,  like  service, 

1-17  tin. 
Frankford,  like  service, 

1-17  tin. 


Springfield,  like  serv- 
ice, 1-12  tin. 

Springfield,  like  serv- 
ice, 1-12  tin. 

Si)ringfield.  like  serv- 
ice, 112  tin. 

Springfield,  like  serv- 
ice, 1-12  tin. 


Mean.. 


Mean.. 


Mean. 


Mean. 


Deviations. 


6.2 
9. 

8.2 
10.1 


8.4 


4.  9 
10.8 


9.4 
8.5 


6.4 

5. 
12,1 


8.5 


5.4 
4.4 
6.4 
4.4 

5.1 


Very  strong  wind  from  the  right  and  rear. 


494  REPORT  OF  THE  CHIEF  OF  ORDNANCE. 


500  yards  range.— May  22,  1880. 


Powder. 

BuUet. 

§0 

Deviations. 

"Rifle. 

Weight. 

Kind. 

1 

Weight. 

CaUber. 

Kind. 

1 
d 

M.H. 

M.Y. 

t 

M.A 

Service,  with 
lengthened 
chamber. 
Do  

Cfrs. 
75 

I!)u.pout 

Grs. 
500 

.458 

Frankford,  like  service, 
1-12  tin. 

Frankford,  like  service, 

1-12- tin. 
Frankford,  like  service, 

1-12  tin. 
Frankford,  like  service. 

1 

9. 2 

7. 



11.  6 

75 

....do  

500 

.458 

2 

9.8 

4.5 

10.8 

Do  

75 

....do   

500 

.458 

3 

8.3 
6. 

9.4 

12.5 

9. 

Do  

75 

 do  

500 

.458 

4 

6.  7 

1-12  tin. 

Mean . . 

8.3 

6.9 

11. 

Do  

80 

500 

.458 

Frankford,  like  service, 

1-12  tin. 
Frankford,  like  service. 

1 

9.5 

5. 

8.  6 

10.7 

80 

 do  

500 

.458 

2 

10.  8 

13.  8 

1-12  tin. 

0 

Mean.. 

10.1 

6.8 

12.2 

Do  

80 

Hazard,  F.  G.. 

An 

.... UU  ......  

500 

.458 

Frankford,  like  service, 

1-12  tin. 
Frftntf ord.  lil^o  S6rvic6 

1-12  tin.  ' 

1 

6.8 

4.8 

8.3 

80 

500 

.458 

2 

7.  4 

6.  5 

9.  8 

Mean . . 

7.2 

5.6 

9.1 

Do  

80 

Hazard,  r.G.. 
....do  

500 

.458 

Frankford,  like  service, 

1-17  tin. 
Frankford,  like  service. 

1 

7.9 

8.5 

11.6 

Do  

80 

500 

.458 

2  • 

7.4 

5.8 

9.4 

1-17  tin. 

Mean.. 

7.6 

7.2 

10.5 

Very  strong  wind  from  the  right  and  rear. 


J 
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500  yards  range.— May  20,  1880. 


Towder. 

BuUet. 

<s 

Deviations. 

-»-3 

-a 

Kind. 

i 

CaUber. 

Kind. 

bXI 
1 

d 

M.H. 



M.V. 



M.A 



Ors. 
70 

Ors. 
500 

.  458 
.  458 

Frankford,  like  service, 

1-12  tin. 
Frankford,  like  service, 

1 

8.1 

10.8 

13.5 

Service   

70 

....do   

500 

2 

9.2 

13.9 

16.7 

1-12  tin. 

Mean.. 

8.6 

12.3 

15.1 

Service   

70 

Hazard,  F.  G-.. 
..-.do   

500 

.  458 

Frankford,  like  service, 

1-17  tin. 
Frankford,  like  service, 

1-17  tin. 

1 

D.  7 

o.  O 

10. 1 

70 

500 

.  458 

2 

5. 

6.  5 

8. 2 

5.3 

7.4 

9.1 

Service,  with 
lengt  h  e  n  e  d 
chamber. 
Do 

75 

Dupont  

500 

.458 

Frankford,  like  service, 
1-12  tin. 

Frankford,  like  service, 

1-12  tin. 
Frankford,  like  service, 

1-12  tin. 
Frankford  like  service 

1-12  tin.  ' 

3.  9 

3.  4 



5. 2 

75 

....do   

500 

.458 

4.9 

6.6 

8.2 

Do 

75 

....do  

500 

.458 

3 

4.4 

6.2 

7.6 

Do 

75 

 do  

500 

.458 

4 

5.  8 

5. 1 

7.  7 

Mean.. 

4.  7 

5.  3 

7.  2 

Do  

80 
80 

500 

.458 

Frankford,  like  service, 

1-12  tin. 
Frankford  like  service 

1-12  tin.  ' 
Frankford,  like  service, 

112  tin. 
Frankford,  like  service, 

1-12  tin. 

1 

7.8 

7.5 

10.8 

Do 

....do  

500 

.458 

2 

4.5 

8.  8 

9.  9 

Do 

80 

....do   

500 

.458 

3 

8.6 

7.6 

11.5 

Do  

80 

....do   

500 

.458 

4 

7.9 

8.5 

11.6 

Mean.. 

7. 2 

8. 1 

10. 9 

Do 

80 

Hazard,  F.G.. 

500 

.  458 

Frankford,  like  service, 

1-17  tin. 
Frankford,  like  service, 

1-17  tin. 

1 

7.6 

7.3 

10.6 

Do 

80 

....do   

500 

.458 

2 

6.6 

6.3 

9.1 

Mean.. 

7.1 

6.8 

9.8 

Do  

80 

Hazard,  F.G.. 
....do  

500 

.4555 

Springfield,  like  serv- 
ice 1-12  tin. 

Springfield,  like  serv- 
ice, 1-12  tin. 

Springfield,  like  serv- 
ice, 1-12  tin. 

Springfield,  like  serv- 
ice, 1-12  tin. 

Springfield,  like  serv- 
ice, 1-12  tin. 

Springfield,  like  serv- 
ice, 1-12  tin. 

1 

6.7 

4. 

7.8 

Do  

80 
80 

500 

.4555 

2 

6.1 

5.4 

8.1 

Do  

....do  

500 

.4555 

3 

9.8 

4.3 

10.7 

Do  

80 

....do   

500 

.4555 

4 

7.7 

7.2 

10.5 

Do  

80 

....do   

500 

.4555 

5 

8. 

7.9 

11.2 

Do  

80 

....do  

500 

.4555 

6 

6.5 

5.4 

8.5 

Mean.. 

7.5 

5.7 

9.5 

Calm. 
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REPORT  OF  THE  CHIEF  OF  ORDNANCE. 

500  yards  range— May  28,  1880. 


Service  with 
lengthened 
chamber. 
Do  


Powder. 


Kind. 


80 


80 


80 


Hazard,  P 

....do  .... 
..do.... 
..do  .... 
..do  .... 
..do  .... 
..do  .... 
..do  .... 
..do  .... 
..do  .... 
..do.... 
..do  .... 
..do  .... 
..do  .... 
..do  .... 
..do  .... 
..do  .... 
..do  .... 


Bullet. 


Grs. 
500 


500 
500 
500 
500 
500 
500 
500 
500 
500 
500 
500 
500 
500 
500 
500 
500 
500 


4555 

4555 
4555 
45.55 
4555 
4555 
4555 
4555 
4555 
4555 
4555 
4555 
4555 
4555 
4555 
4555 
4555 
4555 


Kind. 


Springfield,  like  serv- 
ice, 1-16  tin. 


Springfield,  like 

ice,  1-16  tin. 
Springfield,  like 

ice,  1-16  tin. 
Springfield,  like 

ice,  1-16  tin. 
Springfield,  like 

ice,  1-16  tin. 
Springfield,  like 

ice,  1-16  tin. 
Springfield,  like 

ice,  1-16  tin. 
Springfield,  like 

ice,  1-16  tin. 
Springfield,  like 

ice,  1-16  tin. 
Springfield,  like 

ice,  1-16  tin. 
Springfield,  like 

ice,  1-16  tin. 
Springfield,  like 

ice,  1-10  tin. 
Springfield,  like 

ice,  1-16  tin. 
Springfield,  like 

ice,  1-16  tin. 
Si)ringfield,  like 

ice,  1-16  tin. 
Springfield,  like 

ice,  1-16  tin. 
Springfield,  like 

ice,  1-16  tin. 
Springfield,  like 

ice,  i-16  tin. 


serv- 
serv- 
serv- 
serv- 
serv- 
serv- 
serv- 
serv- 
serv- 
serv- 
serv- 
serv- 
serv- 
serv- 
serv- 
serv- 
serv- 


Deviations. 


M.  H, 


Mean 


5.7 

2.5 
6. 

4.9 
7.5 
4.5 
6.4 
6.8 
2.5 
3.9 
5. 1 
5. 

5.6 
4.5 
7. 

5.6 
5.1 


5.  3      5.  2 


*Best  recorded  target  at  this  range. 
500  yards  range.— May  31,  1880. 


Rifle, 

Powder. 

BuUet. 

No.  of  target. 

Deviations. 

Weight. 

Kind. 

Weight. 

Caliber. 

Kind. 

M.  H. 

M.  V. 

Long-range  

Long-range  

Grs. 
80 
80 

Hazard,  T.  G.. 
....do  

Grs. 
500 
500 

.446 
.446 

Patched,  1-19  tin  

Patched,  1-19  tin  

1 

2 

4.8 
7.8 

8.2 
4.8 

9.5 
9.2 

Mean.. 

6.3 

6.5 

9.3 

REPORT  OF  THE  CHIEF  OF  ORDNANCE. 

500  ydrdH  range. —  June  5,  1880. 


497 


Rifle. 


Service  with 
lengthened 
chamber. 
Do  

Do  

Do  

Do  

Service   

Service   

Service   

Service  

Service   


Powder. 


Kind. 


Hazard,  F.  G. 

...do  

...  do  

...do  

...do  


-do 
.do 
do 
do 
-do 


Bullet. 


Grs. 
500 


500 
500 
500 
500 


500 
500 
500 
500 
500 


Kind. 


4555  i  Springfield,  like  serv- 
ice, 1-12  tin. 

4555    Springfield,  like  serv- 

;     ice,  1-12  tin. 
4555  j  Springfield,  like  serv- 
ice, 1-12  tin. 
4555  '  Springfield,  like  serv- 
ice, 1-12  tin. 
4555  I  Springfield,  like  serv- 
ice, 1-12  tin. 


4555  !  Springfield,  like  serv- 
ice, 1-12  tin. 

4555  Springfield,  like  serv- 
ice, 1-12  tin. 

4555  Springfield,  like  serv- 
ice, 1-12  tin. 

4555  Springfield,  like  serv- 
ice, 1-12  tin. 

4555  I  Springfield,  like  serv- 
i     ice.  1-12  tin. 


Deviations. 


M.  H. 


Mean. 


Mean.. 


4.2 

5.2 
3.4 
6.7 
7.0 


5.4 


9.0 

3.2 


5.9 
6.7 


6.3 


M.  V 


•6.7 
4.4 
5.1 
8.8 


5.  98 


12.8 
4.7 

10.1 
4.4 

10.0 


8.8 


M.  A 


6.5 

8.( 
5.6 
8.4 
11.3 

8.1 

15.8 
5.7 

12.1 
7.4 

12.  • 

10.6 


Strong  wind  from  right  and  rear.   Frankf ord  reloading  shells  were  used  for  the  80-grain  cartridges. 


500  yards  range. — June  8,  1880. 


Rifle. 


Long-range . . 
Long-range . . 
Long-range . . 
Long-range . . 
Long-range . . 


Long-range  

Long-range  

Long-range  . . . 
Long-range  . . . , 


ii*':  Powder. 


Kind. 


Dupont . 

'.'.'.'.do 
....do  ... 
...  do  ... 


Oriental 
....do  ... 
....do  ... 
....do  ... 


Grs, 
500 
500 
590 
500 
500 


500 
500 
500 
500 


Bullet. 


.446 
,446 
,446 
446 
446 


,446 
,446 
,446 
446 


Kind. 


32  ORD 


Light  breeze  from  left  and  front. 


Patched,  1-19  tin 
Patched,  1-19  tin 
Patched,  1-19  tin 
Patched,  1-19  tin 
Patched,  1-19  tin 

Patched,  1-19  tin 
Patched,  1-19  tin 
Patched,  1-19  tin. 
Patched,  1-19  tin. 


Deviations. 


M.  H. 


Mean..  5.86 


4.6 
8. 16 
5.9 
5.5 
5.14 


Mean..  6. 


3.8 
5.9 
8.5 
5.8 


M.  V. 


5.2 

5.04 

3.9 

8.2 

7.76 


6.02 


6.5 
3.7 
8.24 
11.4 


M.  A 


7.0 
9, 59 
7.1 


9. 31 


8.58 


7.5 
7.0 
11.8 
12.8 


9.8 
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REPORT  OF  THE  CHIEF  OF  ORDNANCE. 


500  yards  range. — June  11,  1880. 


Powder. 


Grs 
80 
80 


Kind. 


Dupont . 

;!!!do 

....do  ... 


Oriental 
....do  ... 
....do  ... 

...do  ... 
.-..do  ... 
....do  ... 


Bullet. 


Grs. 
500 
500 
500 
500 


500 
500 
500 
500 
500 
500 


446 
446 
446 
446 


446 
446 
446 
446 
446 
446 


Kind. 


Patched,  1-19  tin 
Patched,  1-19  tin 
Patched,  1-19  tin 
Patched,  1-19  tin 

Patched,  1-19  tin 
Patched,  119  tin 
Patched,  1-19  tin 
Patched,  1-19  tin 
Patched,  1-19  tin 
Patched,  1-19  tin 


Mean. 


Mean. 


Deviations. 


M.H. 


7.6 
4.8 
11.4 
5.5 


3.8 


4.1 
3.6 
7.1 


5.2 


M.V. 


4.4 
5.7 
8.1 


6.5 


4.7 
6.1 
6.4 


6.4 


M.A. 


8.8 
7.5 
14. 
8.1 


9.6 


7.8 
6.7 
12.4 
6.3 
7.1 
9.6 


strong  breeze  from  the  right  and  rear. 
500  yards  range. — June  12,  1880. 


Powder, 


Kind. 


Bullet. 


Kind. 


Deviations. 


M.H, 


M.V. 


M.A. 


Grs. 
70 

70 

70 

70 

70 

70 


Hazard,  F.  G 
...do  ... 
...do  ... 
...do  ... 
...do  ... 
...do  ... 


...do  .. 


Grs. 
500 

500 

500 

500 

500 

500 


500 

500 
500 
500 
500 
500 
500 
500 
500 


4555 
4555 
4555 
4555 
4555 
4555 


4555 

4555 
4555 
4555 
4555 
4555 
4555 
4555 
4555 


Springfield,  like  serv- 
ice, 1-16  tin. 

Springfield,  like  serv- 
ice, 1-16  tin. 

Springfield,  like  serv- 
ice, 1-16  tin. 

Springfield,  like  serv- 
ice, 1-16  tin. 

Springfield,  like  serv- 
ice, 1-16  tin. 

Springfield,  like  serv- 
ice, 1-16  tin. 


Springfield,  like  serv- 
ice, 1-16  tin. 


7.1 

3.9 
6.1 

9.8 
8.8 


4.  4 

5. 

5. 

7.9 
7.3 
6.3 


Mean.. 


7.5 


Sprin 

ice, 
Sprin 

ice, 
Spiiii 

ice, 
Sprin 

ice, 
Sprin 

ice, 
Sprin 

ice, 
Sprin 

ice, 
Sprin 

ice, 


gfield,  like 
1-16  tin. 
gfield,  like 
116  tin. 
gfinld,  like 
1-lG  tin. 
gfield,  like 
1-16  tin. 
gfield,  like 
1  16  tin. 
gfield.  like 
1-16  tin. 
gfield,  like 
1-16  tin. 
gfield,  like 
1-16  tin. 


serv- 
serv- 
serv- 
serv- 
serv- 
serv- 
serv- 
serv- 


Mean. 


5.1 

4.9 
4.9 
8.4 
5.6 
7.8 
6.5 
6.5 
3.7 

5.9 


7.6 

5.2 
5.6 
7.2 
4.3 
6. 

5.4 


6.3 


7.9 
8.7 
6.4 
10. 
12.2 
10.8 

9.3 

9.2 

7.1 
7.4 
11.1 
7.1 
9.8 
8.5 
9.3 
7.4 

8.5 


Stiff  breeze  from  the  right  and  rear. 


REPORT  OF  Till']  CHIEF  OF  ORDNANCE. 

500  yards  raiKje. — June  14,  1H80. 


4»d 


Powder. 

BulUit. 

Deviations. 

Riflo. 

■t-i 

Kind. 

bC 

Kind. 

o 

M.H. 

M.V. 

M.A. 

Wei 

1 

,  Cali 

6 



Service,  with 
lengtlioned 
chamber. 
Do  

Do.  

Do  

Ors. 
80 

80 
80 
80 

Hazard,  F.  G.. 

....do   

....do   

....do   

Ors. 
500 

500 
500 
500 

.  4555 

.  4555 
.4555 
.  4.555 

Springfield,  like  serv- 
ice, 1-16  tin. 

Springfield,  like  serv- 
ice, 1-16  tin. 

Springfield,  like  serv- 
ice, 116  tin. 

Springfield,  like  serv- 
ice, i-16  tin. 

1 

2 
3 
4 

5.9 

5.4 
5.8 
3.6 

7.8 
6. 

5.5 
4.2 

9.8 

8.1 
8.0 
5.5 

Mean . . 

5.2 

5.9 

7.8 

Stiff  breeze  from  right  and  rear. 


500  yards  range. — June  15,  1880. 


Rifle. 


18-inch  twist,  6 
grooves,  with 
lengthened 
chamber. 
Do...  

Do  

Do  

Do  

Do  

Do  

Do  

Do  

Do  

Do..-.  

Do  


Powder. 


80 


Kind. 


Hazard,  P.G. 


...do  

...do  

...do   

..  do  

...do  

...do  

...do  

...do   

...do  


Hazard,  ]?.  Gt.. 
...do  


Ors. 
500 


500 
500 
500 
500 
500 
500 
500 
500 
500 


500 
500 


Bullet. 


4555 

4555 
4555 
4555 
4555 
4555 
4555 
4555 
4555 
4555 


458 
458 


Kind. 


Springfield,  like  serv- 
ice, 1-16  tin. 


Springfield, 

ice,  1-16  tin 
Springfield, 

ice,  i-16  tin 
Springfield, 

ice,  1-16  tin 
Springfield, 

ice,  i-16  tin 
Spiiugfield, 

ice,  1-16  tin 
Springfield, 

ice,  116  tin, 
Springfield, 

ice,  i-16  tin 
Springfield, 

ice,  1-16  tin, 
Springfield, 

ice,  1-16  tin 


like  serv- 
like  serv- 
like  serv- 
like  serv- 
like  serv- 
like  serv- 
like  serv- 
like  serv- 
like  serv- 


Frankford,  like  service, 

1-1-2  tin. 
Frankford,  like  service, 

1-12  tin. 


Mean. 


Deviations. 


M.  H. 


Mean. 


8.7 
5.5 
.3.4 
5.8 
6.3 
7.4 
4.7 
5.8 
5.3 


5.8 


5.5 


M.V 


5.6 
4.4 
7.3 
6.2 
2.5 
6.7 
4.5 
5.4 
5.4 


5.3 


9.5 
12.1 

10.8 


M. 


7.2 

10.3 
7.1 
8.0 
8.5 
6.8 

10.0 
6.5 
7.9 
7.6 


8.0 


10.7 
13.6 

12.1 


First  five  targets,  fresh  breeze  from  the  front ;  the  rest  calm. 


500 


REPORT  OF  THE  CHIEF  OF  ORDNANCE. 
500  yards  range. — June  19,  1880. 


Rifle. 


Service   

Service,  with 
lengthe  ned 
chamber. 
Do  

Do  

Do  

Do  


Powder. 


bD  I  Kind. 
*©  i 

M  

On  A 

70  i  Hazard,  F.  G 
80  j....do  

80  ....do   

80  ...do   

80  |....do  

80  |....do  


Bullet. 


Ch-8. 
500 

500  i.  4555 

500  j.  4555 

500  .  4555 

500  !.  4555 

500  1.4555 


Kind. 


Springfield,  like  serv- 
ice,  1-16  tin. 

Springfield,  like  serv- 
ice, 1-16  tin. 

Springfield,  like  serv- 
ice, 1-16  tin. 

Springfield,  like  serv- 
ice, 1-16  tin. 

Springfield,  like  serv- 
ice, 1-16  tin. 

Springfield,  like  serv- 
ice, 1-16  tin. 


Deviations. 


M.H. 


7.1 
6.1 

4.9 
6.1 
5.7 
4. 


M.V. 


Calm. 


KEPORT   OF  THE  CHIEF  OF  ORDNANCE.  501 
300  yards  range —Decemhcr  2,  5,  24,  27,  29,  1879. 


llifle. 


December  2. 
Service   

18-inch  twist,  3 

grooves. 
18-iiicli  twist,  6 

grooves. 

December  5. 
Service   

18-iiicli  twist,  3 

grooves. 
18-inch  twist,  6 

grooves. 

December  24. 

Service   

Service   

18-iuch  twist,  3 

grooves. 
18  inch  twist,  6 

grooves. 

Service   

18-iuch  twist,  3 

grooves. 
18-inch  twist,  6 

grooves. 

Long-range  — 

December  27. 
Service  

18-inch  twist,  3 
grooves. 

Service   

1 8-inch  twist,  3 

grooves. 
18-inch  twist,  6 

grooves. 

December  29. 
Service   


Powder. 


Kind. 


Hazard,  ¥.Q. 

....do   

....do   


Hazard,  F.G. 

....do   

....do   


Service   

Hazard,  F.  G. 
...  do  


...do 

....do 
....do 
....do 

....do 


Hazard,  F.  G. 
..-.do   


....do  

....do   

 do  

Hazard,  F.  G. 


Bullet. 


Ors. 

500 

500 
500 

500 
500 
500 

405 
490 
490 

490 

500 
500 
500 

500 

500 
500 

500 
500 
500 

490 


.458 
.458 
.458 

.458 
.458 
.458 


.458 
.458 
.458 

.458 


.45 
.45 
.45 

.446 

.45 
.45 

.456 
.456 
.456 

.456 


Kind. 


Used  at  Sandy  Hook, 
full  at  point,  1-12  tin. 

Used  .  at  Sandy  Hook, 
full  at  point,  1-12  tin. 

Used  at  Sandy  Hook, 
full  at  point,  1-12  tin. 


Shoulder  front  of  shell, 

1-12  tin. 
Shoulder  front  of  shell, 

1-12  tin. 
Shoulder  front  of  shell, 

1-12  tin. 


Service,  1-16  tin  

Like  service,  1-12  tin . 
Like  service,  1-12  tin . 


Like  service,  1-12  tin. 


Flat  base 
1-12  tin. 

Flat  base 
1-12  tin. 

Flat  base 
1-12  tin. 


flat  point, 
flat  point, 
flat  point. 


Patched,  1-19  tin. 


Flat  base;  flat  point, 

1-16  tin. 
Flat  base;  flat  point, 

1-16  tin. 


Flat  base; 

1-16  tin. 
Flat  base; 

1-16  tin. 
Flat  base; 

1-16  tin. 


flat  point, 
flat  point, 
flat  point. 


Flat  base;  l!at  point, 
1-12  tin. 


Deviations. 


M.  H 


2.7 
2  6 
3.2 

3.9 
2.7 
3.5 


3.2 
2.5 
0.  88 

3.  02 


13. 

3.  93 
5.8 


17.3 
3.3 

3.  76 
6.3 
3. 16 

4.4 


M.  V. 


5.1 
4.4 
2.5 

3.7 
6.8 
7.6 

2.5 
2.1 
2.3 

3. 36 

5.7 
3.6 
12.7 


16.6 
5.3 

3.6 
5.8 
2.8 

3.8 


M.  A. 


5.8 
5.1 
4.1 

5.4 
7.3 
8.4 


4.  06 
3. 26 
2. 46 

4.52 


14.2 
5.33 
14. 

2.53 

24. 
6.2 

5.2 
8.56 


5.  81 


*  Three  shots  missed  target. 


t  O.i'i  shot  missed  target. 


502 


REPORT  OF  THE  CHIEF  OF  ORDNANCE. 
300  yards  range. — May  3,  1880. 


Rifle. 


Service 
Service 
Service 
Service 
Service 
Service 


Service,  with 
length  e  n  e  d 
chamber. 
Do  

Do  

Do  

Do  

Do   


Powder. 


80 


Kind. 


Oriental  

Hazard,  F.G. 

Oriental  

Hazard,  F.  G. 

...do  

...do  


80 


Oriental 


Hazard,  F.  G 

Oriental  

Hazard,  F.  G 

.--.do  

....do   


Ballet. 


Grs. 
500 

500 

500 

500 

500 

500 


500 

500 
500 
500 
500 
500 


Kind. 


458     Frankf  ord,  like  service, 

1-12  tin. 
458     Frankford,  like  service, 

1-12  tin. 
458     Frankford,  like  service, 

1-17  tin. 
458     Frankford,  like  service, 

1-17  tin. 
4555    Springfield,  like  serv- 
ice, 1-16  tin. 
4555    Springfield,  like  serv- 
ice, 1-16  tin. 


.  458   I  Frankford,  like  service, 
I     1-12  tin. 

.  458     Frankford,  like  service, 

I     1-12  tin. 
.458   I  Frankford,  like  service 

1-17  tin. 
.458   I  Frankford,  like  service 
1-17  tin. 
4555    Springfield,  like  serv 

ice,  1-16  tin. 
4555    Springfield,  like  serv 
ice.  1-16  tin. 


Deviations. 


M.  H, 


3.3 

3. 

5. 

2.7 
2.2 
2.8 


3.2 


6.3 
4.2 
3.2 
2.3 


3.9 


Strong  wind  from  left  and  rear. 
300  yar<l8  range.~May  8,  1880. 


Powder. 

BuUet. 

Deviations. 

Rifle. 

targ 

Kind. 

Kind. 

o 

M.  H. 

M.  V. 

M.  A. 

Wei 

s 

Cali 

6 

Qra. 

Grs. 

Service  

70 

Oriental  

500 

.458 

Frankford,  like  service. 

5.7 

8. 

9.8 

1-12  tin. 

Service   

70 

Hazard,  F.  G.. 

500 

.458 

Frankford,  like  service. 

2.7 

2.3 

3.5 

1-12  tin. 

Service   

70 

Oriental  

500 

.458 

Frankford,  like  service. 

3.8 

2.5 

4.5 

1-17  tin. 

Service   

70 

Hazard,  F.  G.. 

500 

.458 

Frankford,  like  service, 

3.5 

3. 

4.6 

1-17  tin. 

Service   

70 

...-de  

500 

.  4555 

Springfield,  like  serv- 

3.2 

2.4 

4. 

ice,  1-16  tin. 

Light  breeze  from  right  and  rear. 
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Biflo. 


Service   

Service   

Service   

Service   

Service   

Service   

Service   

Service   

Service   

Service,  with 
lengthened 
chamber. 
Do  

Do  

Do  

Do  

Do  


Powder. 


80 


80 


Kind. 


Oriental  

Hazard,  F.  G 

..do  

Oriental  — 

. . .do   

Hazard,  F.  G 

...do   

...do   

...do  


Oriental 


...do   

Hazard,  F.  G 

....do   

.-..do  

....do  


IJuUot. 


Ors. 
500 

500 

500 

500 

500 

500 

500 

500 

500 

500 

500 
500 
500 
500 
500 


Ivind. 


.458 

.458 

.458 

.458 

.458 

.458 

,458 

.4555 

,  4555 

.458 

,458 
,458 
,458 
4555 
4555 


Frankf  ord,  like  service, 
1-12  tin. 

Frail  kf  ord,  like  service, 
1-12  tin. 

Fraukford,  like  service, 
1-12  tin. 

Frankford,  like  service, 
1-17  tin. 

Frankford,  like  service, 
1-17  tin. 

Frankford,  like  service, 
1-17  tin. 

Frankford,  like  service, 
1-17  tin. 

Springfield,  like  serv- 
ice, 1-16  tin. 

Springfield,  like  serv- 
ice, 1-16  tin. 

Frankford,  like  service, 
1-12  tin. 

Frankford,  like  service, 
1-12  tin. 

Frankford,  like  service, 
1-17  tin. 

Frankford,  like  service, 
1-17  tin. 

Springfield,  like  serv- 
ice, 1-16  tin. 

Springfield,  like  serv- 
ice, 1-16  tin. 


Deviations. 


M.  H, 


2.6 
3. 

2.9 
3.7 
2.5 
3. 1 
2.5 
2.5 
2.4 

3. 

4.3 
2.2 
2.8 
3.4 
3.4 


M.  V. 


2.6 
3.1 
3.6 
2.6 
4.6 
5.5 
4.5 
2.2 
3.5 

5. 

4.4 
4.3 
2.5 
2.9 
2.1 


M.  A. 


3.7 
4.3 
4.6 
4.5 
5.2 
6.3 
5.  1 
3.3 
4.2 

5.8 

6.1 
4.8 
3.8 
4.5 
4. 


The  first  nine  targets,  strong  breeze  from  right  and  rear ;  the  last  six  targets,  very  strong  wind. 
300  yards  range.—  May  22,  1880. 


Rifle. 


Service,  with 
lengthened 
ehamber. 
Do  

Do  

Do.  

Do  

Do  

Do  

Do  


Powder. 


80 


80 


Kind. 


Dupont 

....do  .. 
....do  .. 
....do  :. 
....do... 
....do  .. 


Hazard,  F.  G. 
....do  


BuUet. 


Ors. 
500 


500 
500 
500 
500 
500 


500 
500 


.458 

,458 
458 

,458 
458 
458 


458 
458 


Kind. 


Frankford,  like  service, 
1-12  tin. 

Frankford,  like  service, 

1-12  tin 
Frankford,  Uke  service, 

1-12  tin. 
Frankford,  like  service, 

1-12  tin. 
Frankford,  like  service, 

1-12  tin. 
Frankford,  like  service, 

1-12  tin. 


Frankford,  like  service, 

1-12  tin. 
Frankford,  like  service, 

1-12  tin. 


Mean. 


Mean. 


Deviations. 


M.  H. 


4.1 
3. 

4.7 
4.6 
4.8 
5.5 


4.5 


4.3 
3.7 


M.  V. 


2.1 

4.8 

5. 

4.1 


4.7 


4.2 
5.  a 


4.7 


M.  A. 

4.6 

5.7 
6.9 
6.2 
7.7 
6.5 


6.5 
6.2 


Yery  strong  wind  from  the  right  and  rear. 
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Powder. 


Bullet. 


Service,  with 
lengthened 
chamber. 
Do  


Kind, 


Ora. 
75 


75 


80 


80 


Grs. 

Dupont  i  500 


-do 


-do  

.do  

-do  

.do  


500 


i  500 
!  500 
I  500 
500 


Hazard,  F.  G. .  500 


...do  

...do  

...do  


500 
500 
500 


,458 
,458 


.458 
.458 


458 
458 


458 
458 
458 
458 


Kind. 


Frarikford,  like  service, 
1-12  tin. 


Frankf ord,  like  service, 
1-12  tin. 


Frankford,  like  service, 

1-12  tin. 
Frankford,  like  service, 

1-12  tin. 
Frankford,  like  service, 

1-12  tin. 
Frankford,  like  service, 

1-12  tin. 


Frankford,  like  service, 

1-12  tin. 
Frankford,  like  service, 

1-12  tin. 
Frankford,  like  service, 

1-12  tin. 
Frankford,  like  service, 

1-12  tin. 


Mean. 


1 
2 
3 
4 

Mean. 


1 
2 
3 
4 

Mean. 


Deviations. 


M.  H, 


2.1 
2.6 


2.3 


2.9 
3.4 
4.2 
3.5 

3.5 


3.3 
3.8 
2.6 
2.7 

3.1 


M.  V, 


Calm. 
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300  yarda  range. — June  15,  1880. 


18-incli  twist,  6 
"TOO  ves,  with 
len  g  t  li  e  n  0  d 
chamber. 
Do  


Ors. 
80 


80 


Powder. 


Kind. 


Hazard,  F.G. 


.do 
.do 
.do 
.do 

do 
.do 

do 
.do 
.do 
.do 

do 
.do 

do 


...  do 
....do 
...do 
.-..do 


Dupont . 
...do  ... 


Bullet. 


Ors. 

500 


500 
500 
500 
500 
500 
500 
500 
500 
500 
500 
500 
500 
500 

500 
500 
500 

500 

500 
500 


.4555 

.4555 
.4555 
.4555 
.4555 
.4555 
.4555 
.4555 
.4555 
.4555 
.4555 
.4555 
.4555 
.4555 

.458 
.458 
.458 
.458 

.458 
.458 


Kind. 


Springfield,  like  service, 
1-lG  tiu. 


Springfield, 

1-lG  tin. 
Si)ringfi('ld, 

1-lG  tin. 
Springfield, 

MO  tin. 
Springfield, 

1-16  tiu. 
Springfield, 

1-lG  tin. 
Springfield, 

1-lG  tin. 
Springfield, 

1-16  tin. 
Springfield, 

1-lG  tin. 
Springfield, 

1-lG^tin. 
Si)ringfield, 

1-1 G  tin. 
Springfield 

1-16  tin. 
Springfield 

1-16  tin. 
Springfield 

1-16  tin. 


like  service, 
like  service, 
like  service, 
like  service, 
like  service, 
like  service, 
like  service, 
,  like  service, 
,  like  service, 
,  like  service, 
,  like  service, 
,  like  service, 
,  like  service, 


Frankford,  like  service, 

1-12  tin. 
Frankford,  like  service, 

l-l'J  tin. 
Frankford,  like  service, 

1-12  tin. 
Frankford,  like  service, 

1-12  tin. 


Frankford,  like  service, 

1-12  tin. 
Frankford,  like  service, 

1-12  tin. 


Mean. 


Deviations. 


M.  II, 


M.V.  M. 


3.G 
3.4 
3.5 
5.3 
4.2 
2.5 
3.8 
2.9 
2.2 
2.3 
4.6 
3.8 

n.8 


3.6 


Mean. 


Mean. 


2.1 
1.7 
3.7 

2.8 


3.1 
3. 


Fresh  breeze  from  the  front. 
>00  yards  range. — June  18,  1880. 


Powder. 


Long-range  — 

Long-range  

Long-range  

Long-range . . . 
Long-range  


Grs. 

80 
80 
80 
80 


Kind. 


Hazard,  F.  G 

. . .do  

...do  

...do   

...do   


Bullet. 


Grs. 
550 
550 
550 
550 
550 


.446 
.446 
.446 
.446 
.446 


Kind. 


Patched,  1-19  tin 
Patclied,  1-19  tin 
Patched,  1-19  tin 
Patclied,  1-19  tin 
Patched,  1-19  tin 


Mean. 


Deviations. 


M.H. 


2.8 
1.7 
1.5 
5.1 
2.8 

2.8 


M.  V. 


Calm. 


PLATE  III. 


S  5 


Target 

Target 

Target 

Target 

Target 

Target 

Target 

Appendix  25—1880. 


APPENDIX  26. 


A  SET  OF  TABLES  AND  PLATES,  SHOWING  PEINCIPAL  DIMENSIONS  AND 
ELEMENTS  OF  FIRE  OF  THE  MOST  POWERFUL  RIFLED  GUNS,  EXISTING 
OR  PROPOSED,  AT  THE  COMMENCEMENT  OF  THE  YEAR  1880;  AND  ALSO 
OF  THE  VARIOUS  EUROPEAN  RIFLED  HOWITZERS  AND  MORTARS. 

PREPARED  BY  CAPT.    CHARLES  S.    SMITH,  UNDER   THE   DIRECTION  OF  LIEUT.  COL.  S. 
CRISPIN,  CONSTRUCTOR  OF  ORDNANCE. 

(Fourteen  plates.) 

Sir  :  As  requested  by  you,  I  have  prepared,  and  herewith  respectfully 
submit,  a  set  of  tables,  with  plates,  giving  the  principal  dimensions  and 
elements  of  fire  of  the  most  i)owerful  rifled  guns,  existing  or  proposed, 
at  the  commencement  of  the  year  1880 ;  and  also  of  the  various  Euro- 
pean rifled  howitzers  and  mortars.  Much  of  the  information  on  rifled 
howitzers  and  mortars  has  already  appeared  in  Ordnance  Notes,  'No.  68  j 
but  it  is  here  supplemented  by  the  results  of  more  recent  experiments 
and  the  addition  of  some  larger  calibers,  and  altogether  presented  in  a 
more  summary  shPti)e. 

The  table  of  rifled  guns  has  been  prepared  from  the  most  reliable  in- 
formation available,  and  while  it  may  not,  in  every  particular,  be  abso- 
lutely correct,  it  will  yet  show  closely  enough  what  are  the  actual 
figures,  to  serve  for  the  purpose  of  comparison. 

To  refer  more  particularly  to  this  table,  it  will  be  seen  that  both  the 
Italian  and  the  English  100-ton  Armstrong  guns  are  included — the  ob- 
ject being  to  show  the  respective  powers  of  those  two  guns  with  regard 
to  the  particular  powders  employed.  The  Italian progressive  powder  " 
has  given  excellent  results,  in  admitting  of  the  use  of  very  large  charges 
and  the  consequent  attainment  of  high  velocities,  without  subjecting 
the  gun  to  auy  iujurious  pressures ;  at  least,  such  was  its  record  up  to 
the  bursting  of  the  100-ton  gun  on  board  the  Duilio,  a  disaster  which 
certain  English  writers  have  sought  to  attribute  to  the  uncertain  and 
dangerous  action  of  the  ''progressive  powder'^  rather  than  to  a  weak 
point  in  the  gun  itself.  The  Italian  Government  originally  ordered  from 
Armstrong's  works  eight  of  these  100-ton  muzzle-loading  guns  for  the 
turrets  of  the  Duilio  and  Dandolo  ;  afterwards  eight  more  were  ordered 
for  the  Italia  and  the  Lepanto,  which  are  to  be  breech-loaders ,  with  the 
French  system  of  fermeture. 

The  English  80-ton  gun  is  the  type  of  gun  selected  for  the  armament 
of  the  Inflexible.  The  four  100-ton  guns  purchased  from  Sir  William 
Armstrong  &  Co.  are  intended  for  the  works  at  Gibraltar  and  Malta, 
and  were  procured  at  a  period  when  the  exigencies  of  national  aflairs 
did  not  admit  of  the  delay  necessary  for  the  fabrication  and  preliminary 
trial  of  tbe  monster  guns — 160  to  200  tons — proposed  by  the  Woolwich 
authorities.  Since  the  disasters  which  have  befallen  the  38-ton  gun  on 
board  the  Thunderer,  and  the  100-ton  gun  on  board  the  Builio,  the 
drift  of  opinion  in  England  seems  to  be  settling  strongly  in  favor  of 
breech-loaders ;  since,  with  such  guns,  the  x>ossibilifcy  of  double  loading 
could  not  exist,  while  the  full  exposure  of  the  chamber  after  each  fire 
would  aflbrd  an  opportunity  for  its  frequent  examination.  It  is  quite 
possible,  also,  that  some  change  of  detail,  if  not  of  metal,  will  be  made 
in  their  system  of  construction,  since,  by  the  creation  of  a  chamber,  the 
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thickiuiss  of  the  iinior  steel  tube,  u])on  wliieli  tlic  l()iij;itiulinal  strain  is 
mainly  thrown,  is  considerably  reduced,  and,  as  would  ai)i)ear  from  the 
bursting-  of  tiie  Duilio's  j^un,  thereby  rendered  too  wvak  to  sui)i)ort  that 
strain. 

In  addition  to  the  French  f;uns  ^iven  in  the  table,  that  government 
possesses  breech -loading-  rilles  of  13'^i59  and  10''.03  caliber,  and  of  48  and 
27  tons  weight,  respectively.  There  are  also  being  (constructed  at  Kuelle 
several  70-ton  guns  entirely  of  steel,  of  the  model  of  1874,  the  construc- 
tion of  which  is,  briefly,  as  follows  :  ^ 

The  gun  consists  of  a  steel  body  lined  with  a  short  steel  tube  and 
banded  w  ith  steel  hoops,  the  breech -closure  being  the  .French  screw. 
The  tube  is  of  Bessemer  steel,  hammered,  and  afterwards  tempered  in 
oil ;  the  hoops  and  body  of  the  gun  are  hammered  puddled  steel.  The 
steel  body  is  composed  of  two  parts  united  under  shrinkage,  and 
further  secured  by  means  of  a  clasp.  In  the  operation  of  shrinking,  the 
forward  end  of  the  breech  portion  is  inserted  into  the  rear  end  of  the 
chase  portion,  the  latter  being  heated  up  for  that  puri>ose.* 

The  French  ascribe  the  superiority  of  all-steel  cannon  to  those  of  cast- 
iron  hooped  and  tubed  with  steel  chiefly  to  their  greater  power  of  pene- 
tration ;  though  they  claim  their  ability  still  to  construct  a  cannon  on 
the  latter  system  (model  of  1870)  of  equal  i^ower  to  the  steel  by  increas- 
ing the  caliber  slightly.  Thus,  a  cannon  of  the  model  of  1870  should 
have  a  caliber  of  25  centimeters  to  equal  a  steel  gun  of  24  centimeters. 
The  cost  of  the  former  would  be  about  23,000  francs,  as  against  100,000 
francs  for  the  latter;  but  the  increase  in  weight,  of  gun  and  ammuni- 
tion, would  exceed  that  of  the  steel  gun  by  about  six  tons,  which  is  a 
matter  of  some  importance  on  shii:>board. 

The  Schultz  wire  gun  has  also  been  tested  in  France  up  to  a  caliber  of 
6'^25,  and  so  satisfactory  were  the  results  that  an  80  ton  gun  is  now 
being  fabricated  upon  that  system.  The  wires,  under  the  requisite  de- 
gree of  tension,  are  wrapped  round  a  central  steel  tube,  but  are  neither 
brazed  nor  welded.  A  steel  casing  is  finally  shrunk  on  over  the  wire- 
wound  portion.  This  mode  of  construction  is  thought  to  give  a  very- 
strong  gun,  as  regards  tangential  strains,  while  the  cost  is  comx^arati vely 
low,  owing  to  the  inexpensiveness  of  the  plant. 

The  Eussian  Government  includes  among  its  heavy  guns  the  14-inch 
Krupp's  breech-loading  rifle.  A  few  years  ago  a  14-inch  cast-iron  rifle, 
hooped  with  steel,  and  having  the  French  breech  screw,  was  under  con- 
struction at  Perm  ;  but  no  accounts  have  been  received  of  its  trial. 

The  Krupp  works  have  already  determined  on  the  model  of  a  125-ton 
gun;  and  since  the  successful  trial  of  the  72-ton  gun  at  Meppen  last 
year,  their  ability  to  fabricate  such  a  gun  seems  to  be  placed  beyond 
question.  Large  numbers  of  heavy  rifled  guns  of  calibers  below  12 
inch  have  been  furnished  by  these  works  to  many  of  the  European 
powers,  as  well  as  to  Turkey,  Egyi^t,  Japan,  and  some  of  the  South 
American  States ;  and  the  same  is  true,  though  to  a  more  limited  ex- 
tent, of  the  Armstrong  works.  The  11-inch  rifles  furnished  by  the 
latter  to  the  Chinese  Government  are  for  the  gun-boat  service ;  that 
government  has  also  some  38-ton  Armstrong  guns  in  the  same  service. 

The  Brazilian  Government  has,  in  its  naval  service,  some  35-ton  guns, 
manufactured  by  Whit  worth,  of  fluid-compressed  steel,  and  rifled  upon 
the  hexagonal  principle. 

The  proposed  American  12-inch  breech -loading  rifle — given  in  the 
table — while  it  embraces  the  main  features  of  the  model  now  definitely 

*  "  Manuel  D'Arfcillerie,"  par  H.  Lee  Barzic,  Lieut,  de  Vaiaseau. 


508 


REPORT  OF  THE  CHIEF  OF  ORDNANCE. 


adopted,  varies  from  it  somewhat  in  details.  It  is  shorter,  for  instance^ 
by  a  full  caliber,  in  length  of  bore,  and  heavier  by  some  four  or  five 
tons.  The  adopted  model  will  probably  admit  of  a  charge  of  300  i)ound8 
of  powder  and  have  a  total  weight  of  about  50  tons.  It  should  give  an 
energy  of  23,991  foot-tons  at  the  muzzle,  which  wbuld  be  sufficient  to 
penetrate  44  inches  of  iron,  or  35  inches  at  a  distance  of  1,000  yards. 

The  table  includes  certain  guns  of  minor  caliber —5'^87,  6^',  8^',  and 
9". 45,  resi^ectively — but  of  relatively  great  power,  owing  to  the  large 
charges  employed. 

It  will  be*observed  that  ihese  guns  have  a  large  chamber  for  the 
reception  of  the  charge,  and  a  commensurate  length  of  bore  for  its  con- 
sumption. The  number  of  cubic  inches  allowed  per  pound  of  powder 
indicates  also  that  there  is  considerable  windage,  or  air-space,  about  the 
cartridge  in  the  chamber.  As  it  is  chiefly  due  to  this  allowance  of  air- 
space that  the  employment  of  large  charges,  without  overstraining  the 
gun,  has  been  rendered  practicable,  it  may  be  interesting  to  examine 
briefly  the  underlying  physical  causes  on  which  the  effect  of  air-spac- 
ing depends. 

I.  The  tension  of  an  elastic  fluid,  supposing  the  temperature  to  remain 
constant,  varies  directly  as  the  density,  and  the  density  varies  inversely 
as  the  volume  or  space  occupied.  The  precise  laAvs*  according  to  which 
these  variations  take  place  in  the  bore  of  a  gun  may  not  be  absolutely 
determined;  but  it  is  enough  for  our  present  purpose  to  know  that  the 
greater  the  density  of  the  gunpowder  gas  the  higher  will  be  its  tension  ; 
and  the  more  contracted  the  space  in  which  a  given  charge  is  burned, 
or  the  larger  the  charge  burned  in  a  given  space,  the  greater  will  be  the 
density  of  the  resulting  gas.  Hence,  powder  burned  in  its  own  volume 
should  yield  its  maximum  effect ;  and  that  this  is  the  case  is  fully  sus- 
tained by  experiment. 

In  the  above  statement  lies  the  fundamental  principle  involved  in 
air-spacing. 

II.  The  velocity  of  inflammation,  or  the  rate  at  which  the  ignition  is 
spread  from  one  grain  of  a  charge  of  powder  to  another,  depends — other 
things  being  equal,  as  size,  shape,  and  density  ot  grain,  diameter  of 
cartridge,  &c. — on  the  greater  or  less  confinement  under  which  the 
charge  is  fired  5  that  is,  it  depends  on  the  degree  of  tension  of  the  gas 
in  the  first  instants  of  ex^jlosion.  As  the  tension  is  higher,  so  will  the 
inflamed  gas  be  propelled  the  more  forcibly  through  the  interstices  of 
the  charge,  and  consequently  the  more  rai>id  the  spread  of  the  ignition. 
That  this  is  so  will  ax)})ear  from  the  following  results  of  actual  expefri- 
Aentt 

Trains  of  service  powder,  containing  about  0.11  pound  of  powder  to 
the  linear  foot,  were  fired  under  different  conditions  as  to  confinement. 


Velocity  of 
iuflammation. 

On  a  place  Kurface  ia  the  open  air   7.87  feet. 

In  an  ui!C.')veied  trough  .    8.13  " 

In  a  linei!  tube   ll.:fe  " 

In  the  sarur  tube  placed  in  a  trough      17.48  " 

In  the  trough  covered  up   27,88  " 


These  velocities  are  considered  less  than  those  obtained  in  fire-arms 
for  the  reason  that,  in  the  latter,  the  pOwder  is  not  only  confined  at  the 
sides  but       one  end,  which  was  not  the  case  in  the  covered  trough, 

*  AnaiysiH  and  exp(^riuient  alike  prove  that  the  pressure  increases  more  rapidly  thau 
tlie  density . 

tBenton"y  Ordnance  and  Gunnery,  pages  51-52. 
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where  the  ;:»aH  could  exj);uMl  in  both  diit^ctions.*  A  velocity  of  moro 
than  ,'iO()  feet  eaii  be  obtained  l)y  bnrninj;  quiek  niateli  inclosed  in  a  cloth 
tube. 

ljxi)ei'iinents  ha\  e  also  prov(Ml  tiiat  the  velocity  increases  with  the 
sizes  of  cross-section  of  the  train  ;  that  it  is  greater  with  fine-grained 
j)owder  than  for  coarse,  excei)t  where  the  interstices  are  too  much  re- 
duced, as  in  the  (jase,  for  instance,  of  mealed  ])owder. 

in.  The  velocity  of  combustion,  or  the  rate  of  burning  of  each  grain 
from  its  surface,  to  its  center,  other  things  being  equal,  depends  on  the 
pressure  or  tension  of  the  surrounding  gas.  On  this  point  Messrs.  No- 
ble and  Abel,  in  their  re})()rt  on  exj)eriments  with  fired  gunpowder 
(pages  11^1-122),  state  as  follows: 

I*iol)ert's  views,  moreover,  that  the  pressure  exerts  but  a  trifling 
influence  upon  the  rate  of  cond)ustion,  appears  to  us  entirely  untenable. 
With  a  particular  sample  of  service  pebble-powder,  we  found  the  time 
required  for  burning  a  single  pebble  in  the  oi)en  air  to  be  about  two 
seconds.  The  same  sample  was  entirely  consumed  in  the  bore  of  a  10'' 
gun,  and  must,  therefore,  have  been  burned  in  less  than  .009  of  a 
second." 

The  fact  has  also  been  clearly  established  by  recent  experiments  made 
in  France,  in  which  mealed  powder  was  driven  into  a  steel  tube  closed 
at  one  end,  and  then  burned  under  a  smaller  and  smaller  orifice  for  the 
escape  of  the  gas.  Care  was  taken  in  filling  the  tube  to  have  the  col- 
umn of  powder  of  a  constant  length  and  density.  These  experiments 
proved  that  an  augmentation  of  pressure  was  always  accompanied  by 
an  increase  in  the  velocity  of  combustion,  and  that  this  result  was  ap- 
parent for  the  most  feeble  increments  of  pressure,  t 

When  we  consider  that  a  grain  of  i)owder  is  a  substance  more  or  less 
heterogeneous  and  porous,  it  should  seem  to  follow,  as  a  necessary 
result,  that  under  great  pressure  the  highly  inflamed  gases  would  be 
forced  into  the  softer  parts  and  interstices  of  the  grain  itself,  and  the 
velocity  of  combustion  thereby  enormously  increased.  That  the  com- 
bustion of  the  grains  does  not  proceed  in  parallel  layers  from  the  sur- 
face to  the  center  is  sufficiently  evident  from  the  appearance  of  half- 
burned  grains  which  have  been  picked  up  after  discharge. 

Now,  bearing  in  mind  the  above  considerations,  it  will  be  readily  seen 
that  in  the  burning  of  a  charge  of  powder  where  a  certain  air-space  or 
windage  about  the  cartridge  is  allowed,  we  obtain  to  a  greater  or  less 
degree,  depending  upon  the  amount  of  that  air-space,  the  conditions 
essential  to  a  slow,  deliberate  gasification  of  the  charge.  The  portion 
of  bore  allotted  to  the  charge  being  larger  than  where  no  windage  is 
allowed,  the  tension  of  the  gas  first  formed  will  be  lower,  and  inflamma- 
tion and  combustion  will  proceed  more  slowly.  As  a  consequence  of 
this  slower  evolution  of  the  gas,  the  inertia  of  the  projectile  will  be  more 
gradually  overcome  and  the  strain  upon  the  gun  will  be  less.  The 
maximum  tension  also  of  the  gas,  owing  to  the  larger  space  afforded  for 
its  expansion,  and  its  consequently  lower  maximum  density,  will  be 
less,  and  both  the  velocity  of  the  projectile  and  the  pressure  per  square 
inch  on  the  bore  of  the  gun  will  be  diminished.  The  operation  is 
analogous  indeed  to  that  which  obtains  by  the  employment  of  the  larger 
grained  and  denser  powders. 

*  Benton's  Ordnance  and  Gunnery,  pages  51-52. 

t  Sarrau  assumes  that  the  velocity  of  combustion  is  proportional  to  a  positive 
power  of  the  pressure;  but  since  it  increases  less  rapidly  than  the  pressure,  the  ex- 
ponent of  that  power  must  be  less  than  unity. 
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As  an  ilUistnition  of  tlie  ettect  of  air-spacing  in  thus  reducing  the 
velocity  and  pressure,  the  following  results,  extracted  from  the  pul)- 
lished  record  of  recent  experiments  with  a  38-ton  gun  at  Woolwich,  are 
presented : 


No.  of  round. 

Air-space, 
feet. 

Charge  pebble 
powder,  lbs. 

Shell,  and 
weight,  lbs. 

Velocity,  feet. 

Pressure,  tons 
per  square 
inch. 

2  

ooooooo 

Palliser,  703 
Palliser,  703 
Palliser,  697| 
Palliser,  705 
Palliser,  705 
Palliser.  701 
Palliser,  698 

1,  408 
1,311 
1,  223 
1,013 
876 
754 
582 

21.8 
15.2 
12.7 
12.6 
8.9 
7.4 
6.1 

4  ; 

6  

8  

10....;  ....  

12  

13  

1 
2 
4 
6 
8 
10 

Here  the  air-space  consisted  in  leaving,  successively,  an  interval  be- 
tween the  cartridge  and  the  projectile  of  0,  1,  2,  4,  &c.,  feet. 

Now,  the  practical  application  of  these  facts  lies  obviously  in  adding 
to  the  charge,  and  in  that  way  increasing  the  velocity,  until  the  latter 
reaches  to  the  highest  attainable  point  for  the  length  of  bore  or  powder- 
burning  capacity  of  the  gun ;  since  we  can  at  the  same  time  keep  down 
the  pressure  within  safe  limits  by  the  due  allowance  of  air-space.  The 
length  of  the  cartridge,  however,  must  not  be  overlooked,  for  if  that  is 
too  great  relatively  to  the  diameter,  there  will  be  a  likelihood  of  the 
occurrence  of  those  extremely  dangerous  tensions  known  as  ''wave 
pressures."  The  shorter  and  fuller  the  charge  also,  the  more  favorable 
is  its  state  for  total  consumption  in  the  gun.  With  most  of  the  existing 
cannon,  owing  to  their  very  limited  length  of  bore,  it  is  not  possible  to 
realize  more  than  x)artially  the  vast  increase  of  power  thus  attainable 
by  means  of  air-spacing.  Hence  the  necessity  for  new  constructions, 
involving  as  their  prominent  features  great  length  of  bore  and  a  suita- 
bly proportioned  powder-chamber.  For  an  assumed  length  of  bore,  the 
largest  charge  that  can  be  usefully  employed  is  determined  from  the 
number  of  the  ''volumes  of  expansion" — as  English  artillerists  term 
them — the  bore  can  contain;  that  is,  the  number  of  times  that  the 
volume  of  the  bore  can  contain  the  volume  of  the  charge.  The  lowest 
limit  of  this  ratio,  or  the  i^oint  below  which  no  increase  of  the  charge 
will  sensibly  augment  the  velocity,  is,  of  course,  first  ascertained  from 
actual  experiment.  So  likewise  for  a  given  charge  the  appropriate 
length  of  bore  must  be  determined  from  a  consideration  of  this  same 
ratio. 

To  complete  our  view  of  the  subject,  let  us  trace  briefly  the  probable 
mode  of  action  of  the  explosive  or  propelling  force  in  the  ordinary  and 
in  the  chambered  gun.  In  the  first  case,  the  various  phenomena  of 
explosion  of  the  charge  occur  in  a  relatively  short  jjeriod  of  time ;  the 
resulting  tension  of  the  gas  is  high,  and  the  projectile  is  subjected  to  an 
impulse  sudden  and  violent,  but  which  is  soon  exhausted  from  the 
relatively  small  weight  of  charge  employed  and  the  greatly  increased 
space  soon  left  by  the  movement  of  the  projectile  for  the  expansion  of 
the  gas.  Hence  we  obtain,  i)erhaps,  the  maximum  effect  per  pound  of 
pow^der,  but  also  a  relatively  high  strain  upon  the  gun.  In  the  second 
case,  we  obtain,  with  the  air-space  and  a  much  larger  charge,  at  first  a 
slower,  and  then  a  more  uniform  and  prolonged  pressure  upon  the  pro- 
jectile. Motion  is  acquired  more  gradually,  and,  owing  to  the  large 
volume  of  the  gas  and  the  great  length  of  the  bore,  the  projectile  is 
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subJocttMl  to  ill  lonj»ci'-c()ntimu'(l  nc-t  ion  of  the  proix'Iliii^  I'otco.  We  thus 
o*l)tSiin  iiltiinjitely  51  much  hi^liei'  velocity,  but  iioni  llie  comparatively 
low  teusiou  of  the  pis  uo  greater  pressure  on  the  walls  of  the  piece  than 
in  the  case  of  the  unchaiubered  ^un. 

Oai)tain  Noble  and  Mr.  Abel,  iu  the  report  already  alluded  to,  thus 
describe  the  operation  of  dischai'ge  in  the  ordinary  case. 

^'The  charge  of  ])o\vder  is  not  instantly  exploded,  but  is  generally 
ignited  at  a  single  point;  the  jnessure  (commencing  at  zero)  goes  on  in- 
creasing at  an  extremely  rapid  rate  until  the  maximum  increment  is 
reached.  It  still  goes  on  increasing,  but  at  a  rate  becoming  gradually 
slower,  until  the  maximum  tension  is  reached,  when  the  increase  of 
density  of  the  gas,  aided  by  the  combustion  of  the  powder,  is  just  coun- 
ter-balanced by  the  decrease  of  density  due  to  the  motion  of  the  projec- 
tile. After  the  maximum  of  tension  is  reached,  the  pressure  decreases, 
at  first  rapidly,  subse(iuently  slower  and  slower."  * 

The  more  gradual  action,  then,  of  the  propelling  force,  which,  in  the 
ordinary  case,  occurs  only  at  an  advanced  stage  of  the  combustion  of 
the  charge,  and  after  the  projectile  has  begun  to  move  from  its  place, 
takes  place  from  the  outset  where  a  suitable  air-space  is  allowed. 

Captain  Kodman  determined,  from  some  experiments  made  in  1859, 
in  which  he  employed  cast-iron  shells  of  ditferent  interior  capacities, 
filled  with  one-fourth  the  weight  of  powder  they  had  previously  been 
found  to  contain,  that  "where  the  volume  of  powder  bears  a  constant 
ratio  to  the  space  in  which  it  is  burned  the  pressure  will  be  sensibly 
uniform."  t 

This  conclusion,  however,  which  is  only  a  reasonable  inference  from 
Mariotte's  law,  will  hardly  apply  without  some  qualification  to  the 
altered  conditions  of  discharge  in  the  bore  of  a  gun,  where  the  powder- 
gases  seldom  reach  their  extreme  tension,  owing  to  the  enlarged  space 
afforded  for  their  expansion  by  the  displacement  of  the  projectile.  And 
as  this  displacement  occurs  the  more  readily,  accordingly  as  the  weight 
of  the  projectile  I  is  less  in  proportion  to  the  area  subjected  to  the  action 
of  the  propelling  force,  we  should  expect,  other  things  being  equal,  a 
higher  tension  of  the  gases,  and  therefore  a  greater  pressure  on  the 
walls  of  the  bore,  as  the  caliber  of  the  piece  is  enlarged.  Hence  the 
employment  of  coarser  grained  and  denser  powders,  or,  which  is  to  the 
same  effect,  more  allowance  of  air-space  in  the  larger  calibers.§ 

The  control  which,  as  we  have  seen,  we  thus  obtain  over  the  buruing 
of  gunpowder  by  means  of  air-spacing,  opens  a  new  field  for  investiga- 
tion and  progress  in  artillery.  Already  there  is  a  tendency  abroad  to 
desist  from  the  production  of  monster  guns,  and  to  employ  instead  guns 
of  smaller  caliber,  but  chambered  for  very  large  charges.  Of  course 
the  latter  feature  necessitates  a  considerable  increase  in  the  length  of 

*lf  these  variations  in  pressure  be  represented  by  n  curve,  it  would  commence 
at  the  origin  convex  to  the  axis  of  x,  would  then  become  concave,  then  again  convex, 
and  would  finally  be  asymptotic  to  the  axis  of  x. 

In  the  same  way  the  curve,  representing  the  velocity,  would  commence  by  be- 
ing convex  to  the  axis  of  abscissie;  it  would  then  become  concave,  and,  were  the 
bore  long  (ningh,  would  be  finally  asymptotic  to  a  line  parallel  to  the  axis  of  a?. — 
(Researches  o  i  Explosives:  Fired  Gunpowder.   By  Captain  Noble  and  Professor  Abel.) 

tThe  syme  relation  is  expressed  by  the  formula  of  Count  Rumford,  also  deduced 
from  the  observed  pressures  in  a  close  vessel. 

tFor  similar  projectiles,  the  area  subjected  to  pressure  increases  as  the  square, 
while  the  weight — the  resistance  to  be  overcome — increases  as  the  cube  of  the  caliber. 

§So,  too,  for  an  increase  of  charge  with  the  same  caliber,  the  same  proportional 
displacement  of  the  projectile  not  occurring  at  so  early  an  epoch  there  results  an  in- 
crease of  tension. 
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the  bore;  a  length  of  from  25  to  30  calibers  not  being  deemed  excessive 
where  the  weight  of  the  charge  equals  one-half  that  of  the  shot.  TUe 
great  length  thus  entailed  on  the  gun  may,  in  some  respects,  prove  a 
source  of  inconvenience.  Another  objection,  suggested  in  connection 
with  the  high  velocities  attained  and  the  comparatively  light  weight  of 
the  gun  itself,  is  the  severity  of  the  recoil.  This  objection,  however,  is 
not  insurmountable. 

It  has  long  been  known  that,  by  reducing  tlie  diameter  of  the  cart- 
ridge, the  strain  on  the  gun  might  be  diminished;  but  it  does  not  ap- 
pear that  this  knowledge  was  ever  utilized  for  increasing  the  charge, 
and  thus  for  adding  to  the  velocity.  As  early  as  1833  Oaptain  Piobert, 
of  the  French  artillery,  proposed  increasing  the  space  in  rear  of  the  ball 
by  diminishing  the  diameter  of  the  cartridge,  or  by  interx>osing  an 
elastic  wad  between  the  powder  and  ball,  in  order  to  prevent  the  very 
rapid  destruction  of  brass  siege-guns,  which  is  caused  by  the  use  of 
large  charges. 

Oaptain  Mordecai,  in  his  report  of  "Experiments  on  gunpowder," 
1842-'45,  states  in  his  conclusions:  "For  the  purpose  of  diminishing  the 
strain  on  the  gun,  I  propose  that  the  principle  of  increasing  the  length 
of  the  cartridge,  by  reducing  the  diameter,  should  be  adopted  for  heavy 
guns." 

In  referring  also  to  the  results  of  experiments  made  by  a  board  of 
French  officers  at  Metz,  in  1836-'37,  on  reducing  the  diameter  of  the 
cartridge,  he  states:  "Although  the  range  of  my  experiments  did  not 
aUow  me  to  verify  these  results,  I  have  permitted  myself  to  make  the 
foregoing  remarks  on  the  French  experiments  in  order  to  call  the  at- 
tention of  the  Ordnance  Department  to  a  matter  which  may  be  of  the 
greatest  importance  to  us,  in  reference  to  giving  increased  durability 
to  our  iron  guns,  and  diminishing  the  risk  of  accidents  which  have  been 
lately  of  frequent  occurrence  from  the  bursting  of  these  guns." 

Captain  Eodman  also,  in  1857-'58,  made  a  series  of  experiments  to 
determine  "the  effect  of  windage  in  the  cartridge  upon  the  pressure 
exerted  by  equal  charges."  His  results  confirmed  those  obtained  by 
earlier  experimenters. 

It  was  not,  however,  until  a  very  recent  day  that  experiments  is  this 
direction  took  such  shape  as  to  result,  finally,  in  the  true  application  of 
this  important  principle,  namely,  in  increasing  largely  the  powder-charge. 

During  the  experiments  with  the  80-ton  gun  in  England  in  1876-'77, 
when  every  effort  was  being  made  to  increase  the  power  without  com- 
promising the  safety  of  that  piece,  the  attention  of  the  English  authori- 
ties was  directed  to  certain  experiments  being  made  in  German}^  with 
an  increased  air-space  over  the  cartridge,  by  means  of  which  larger 
charges  were  employed,  with  the  attainment  of  higher  velocities,  and 
yet  with  moderate  pressures. 

Shortly  after,  the  Armstrong  6-inch,  and  8-inch,  and  the  Krupp  5-inch 
and  9.45-inch  chambered  guns  were  produced,  burning  the  enormous 
charges  of  one-half  the  weight  of  their  projectiles,  and  with  the  attain- 
ment of  the  astonishing  velocity  of  2,100  feet — astonishing  from  the  fact 
of  the  very  moderate  pressure  accompanying  it. 

In  connection  with  this  subject  of  air-spacing,  attention  is  caUed  to  a 
conclusion  drawn  from  experiment  by  both  Captains  Mordecai  and  Eod- 
man, which  does  not  harmonize,  wholly,  with  the  foregoing  deductions. 

Captain  Mordecai  states  that  it  appears  from  the  results  of  his  experi- 
ments, made  with  cartridges  of  different  diameters  and  lengths,  "That 
whilst  the  usual  diameter  of  the  cartridge  for  the  24-pounder  gun  as 
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now  osUiblisluHl  (r)'^35)  is  favorable  to  the  developinent  of  the  force  of 
the  char^^e,  no  j^reat  diminution  of  effect  arises  froin  reducing  the  diam- 
eter to  5  inches;  on  tlie  other  hand,  the  force  of  the  charge  is  vastly 
reduced  by  increasing  the  diameter  of  the  cartridge  to  the  full  size  of  the 

He  then  proceeds  to  account  for  the  latter  result  (pp.  288-289,  "Ex- 
periments on  Gunpowder").  Captain  Rodmari  states  (p.  179,  "Experi- 
ments on  Metals  for  Cannon")  in  regard  to  the  results  obtained  in  his 
experiments  on  the  effect  of  windage  in  the  cartridge,  in  a  42-pounder 
S.  B.  gun,  "These  results,  botli  pressures  and  recoils,  indicate  that  the 
pressure  increases  ivith  the  windage  tip  to  about  one  inch  ivindage^  beyond 
whiv'h  the  pressures  and  recoils  both  gradually  diminish  as  the  windage 
in  the  cartridge  increases." 

Tliis  apparent  anomaly  will  admit,  perhaps,  of  explanation  by  refer- 
ence to  those  principles  we  have  had  under  consideration.  To  quote 
Captain  Eodman's  own  words — used  in  another  connection — "  from  the 
fact  that  there  was  no  vacant  space  around  the  cartridge,  all  the  pow- 
der that  was  burned  before  the  shot  moved  must  have  been  burned  in 
its  own  volume,  and  the  maximum  pressure  would  be  reached  before 
the  charge  would  be  nearly  consumed;"  the  force  of  the  gas  would  thus 
be  sufficient  to  roll  forward  the  spherical  shot,  offering,  as  it  does,  but 
little  resistance  to  motion,  at  an  earlier  epoch  of  the  combustion  than  is 
usual,  and  the  equivalent  to  an  air-space  be  produced  of  greater  extent 
probably  than  results  with  the  employment  of  the  service  cartridge ; 
hence  a  falling  off  in  velocity  and  pressure. 

It  was  not  believed  that  such  results  would  obtain  in  the  case  of  a 
rifle-projectile,  which  offers  a  much  greater  resistance  to  motion ;  the 
following  series  of  experiments,  therefore,  were  undertaken  at  the 
Proving  Ground,  Sandy  Hook,  K.  J.,  for  the  purpose  of  determining  this 
point. 

(1.)  The  gun  emploj^ed  was  an  8-inch  rifle,  vented  in  the  prolonga- 
tion of  the  axis  of  the  bore. 
The  record  of  firing  was  as  follows : 


No.  of 
rouads. 


Charge. 

Weight 
of  shot. 

Windage  over  cartridge. 

Mean. 

Kind  of 
powder. 

Weight. 

Velocity. 

Pressure. 

Hexagonal,  E. 
V.  J.;  density 
1.75;  grain, 
72. 

Pounds. 
*35 

30 
30 

30 

Pounds. 
180 

180 
180 

180 

Service  windage  about  ^5  of  the 

diameter  of  the  bore. 

Service  windage  

Service  windage  reduced  50 

per  cent. 

Feet. 
1, 382 

1,258 
1,263 

1,344 

Pounds. 
30, 500 

20, 000 
23,000 

25,500 

'Service  battering  charge. 


Gain,  clue  to  entire  suppression  of  windage,  in  {  If^^^^  fgOO  pounds. 

.33  ORD 
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(2.)  Gun  employed,  3-iuch  breecli-loading  rifle,  vented  on  top. 
The  record  of  firing  was  as  follows : 


No.  of 

Kind  of  pow- 
der. 

Weight  of  charge. 

Weight 
of  shot. 

Windage  over 

Mean. 

rounds. 

Pounds. 

Ounces. 

cartridge. 

Velocity. 

Pressure. 

2  

J.  K.;  grain, 
2,200 ;  den- 
sity 1,725. 

2 

Pounds. 
12i 

of  the  diameter 
of  the  bore. 

Feet. 
1,269 

Pounds. 
20, 250 

24, 750 

2.  

2 

1,318 

Gain,  dueto  entiresuppressionof  windage,™  {  J^^^J^^  I^OO  pounds. 

These  results,  taken  in  connection  with  the  others  that  have  been 
given,  would  seem  to  establish,  conclusively,  the  fact  of  the  uniformity 
of  operation  of  the  laws  involved  in  air-spacing  j  while  at  the  same  Mme 
they  serve  to  explain  the  apparent  exception. 


AND 


'IlLB. 


Broni 
and 
ingg 

Bron 
Bron 

Coppi 

Expai 

c] 

Expai 

...do 
...do 
Copp 


■TABLE  SHOWING  THE  WEIGHTS,  DIMENSIONS,  CHARGES,  ETC.,  OF  THE  MOST  POWERFUL  SERVICE  AND  EXPERIMENTAL  GUNS  EXISTING  OR  PROPOSED  AT  THE  COMMENCEMENT  OF  1880. 


cast-steel.    Proposed  model. 


'  coUed  WTOuebt-iron.  lined  with  tube 


steel. hooped.    Krupp's  •yttAln. 


7«rin. 


hooped  with  «t*el.   General  J 


EUicick. — A'apy. 

M.  L.  caimon.  forged  iron,  tube  of  cast-steel.  Armstrong'f 
system. 


l-JOTED  STATE*. 

M,  L.  cannon,  cast-iron,  lined  with  coiled  wrought-iron  tube 
B.  L  cannon  (proponed  model),  lined  with  8t«el  and  coiled 


! 

Twist  in  number  of  caU- 

POWUER-CHAMBEB. 

POWDEB-CHARGK. 

PbojecOlb. 

Ratio  of 

WEIGHT. 

.1 
1 

£ 

Muzzle  bnebgt. 

{Calculated.)' 
Peneteation  in 

IBON. 

Caliber. 

1 

3 

H 

Length  of  bore 

1 

1 

1 
J 

- 

(5 

ill 

Nature  of  pow- 

% 

Means  of  rota- 
tion. 

Of  charge  to 
weigSt  of 
projectile. 

li 

Initial  velocity 

H 

.2  2 

z-i  . 

VwSe"r*"' 

|S 
S, ' 

i 
1 

At  1,000  yards. 

16. 

fj 

Tons. 
80. 

Feet. 
26.8 

Feet. 

\0alibe7- 

! 

I  Increasing 
1      1  in  35. 

f 

■■1 

59.6 

larged. 
.  18. 

34. 
34. 

.810 

Lbs. 
370. 

425. 

460. 

W,  A,:l'»,  nil.e.s 
.\  ,  \],lT. 
W.    A,,  inis- 

V  11 

Lbs. 
1  -111  ' 
1,  iiai  ,1 

Bronze  studs 
iuggns-c'h'"'k. 

[  .-1.8 

101. 

Feet. 
1,626 

Tuns. 

21. 
19.5 

Foot-tons. 
27,  237 

30,  012 

32,  257 

Fooltona. 
135.  35 

152.  25 

100.  43 

Foot-tons. 
73.60 

72.  02 

70.12 

Foot-lbs. 
340.4 

32.17 
33. 90 

22. 13 
28. 08 
29.19 

12.5 

38. 

16.5 

!    15. 84 

! 

J 

»  \ 
I 

Not  e 
40.12 

larged. 
14. 

30. 

1. 109 
.  024 

130.  ^ 
200.  S 

W.A,;P2,cubc-s 
14  iuch  edge. 

800 

Brouze  studs. 

4.3 

99. 

1,  590 

23. 
21. 

11,  676 
14,  023 

114.  28 

89.81 

307.3 
308.7 

20. 10 
24.14 

10.84 

f  12. 
f     17. 72 

27.  75 

Coliper  bunds. 
Expanding  gas. 

2.8 

134. 

2,  002 
1,640 

171.  97 

68.24 
80.94 

463.  07 
374.  8 

36.33 
32.11 

28.21 

30.25 

20.  1 

1  in  150  to  1  in 
50    at  2".88 
from  muzzle, 

I  28 

55.12 

19.7 

30. 

.770 

463. 

Pebble,  14  inch 

2,  010 

37,476 

1.51.  97 

25.88 

11.45 

18.21 

26.  1 

From  1  Id  8,^ 
to  1  in  40. 

) 

38.3 

10.5 

r  M.  1) 

I  34.8 
I33.O 

,789 
.840 

:} 

Pellet,  d.  = 
1.786. 

2.5 

n82  1 

l:::! 

Expanding  gas- 
1  check. 

j  :-::i 

19.5,  J 
I 

1,930 
2, 100 

l.'-i.4 
17.  05 

4,  lOO 

5,  564 

03.50 
103.  41 
110.  09 

55.29 

401.  5 
4,54.1 
48,5,  9 

19.75 
21.85 
23.  30 

13,22 
1.5. 15 

f  fi. 

1  1 

12 

11.5 

2.,.  S 

Froni  I  in^  91 

I  16 

22. 14 

f>.m 

I3O.2 

.918 

Pellet,^^a.  = 

Prisll.. 

.... 

■-  'In  

2.11. 
2.  i 

»! 

1,962 
2,  003 

13.4 
14.6 

1,937 

62.48 

56. 45 
56.  97 

Te,; 

14.47 

7.  86 
8.07 

15.7.') 

71. 

32.8 

28.57 

21.77 

1  in  4,5. 

90 

61.5 

17.  32 

4.^4.  \ 

l.nl.pirbMda. 

3.8 

93, 

1,022 

z 

31,168 

29.  06 

3. 5 

,14,  3,59 

70,  99 

31.  81 

13.976 

51. 

29, 13 

25.38 

21.8 

1  iu  ir,. 

2 

U.  37 

l.iilt 

1,1:-,,-, 

1 

31,  587 

!«72 

423,  3 

29. 73 

24.  97 

1 

22. 

22. 

1  in  55, 

37. 12 

12,  24 

Lead  coating. 
Lead  coating. 

121. 4 

1,649 

13,817 

122. 17 

87. 10 

363.  6 
28.5.  5 
294.  3 

25. 81 
19.43 
19.80 

21.  09 

i  12. 

3C. 

22. 

18.91 

18.91 

1  in  72. 

41.  K 

3» 

.730 
.792 

133.  ^ 
143.  J 

^hmu'^",,  ,1' 

(    -J.  K 

1  -j.s 

666 
664 

5. 

4.6 

1.  :'>17 

19.  .-. 

10,  401 

10,  .593 

91.97 
93.64 

78.  79 
74. 06 

15.87 
10.12 

9. 45 

17.67 

23.41 

17.75 

22.  5 

1  in  45. 

54 

50. 

11.26 

<29. 
^8.2 

.99 

1.?:'..' 

^ ... 

I  2.8 

3.53 
308 

Copper  bands. 
Copper  hands. 

2.05 
1.  75 

IS,  ss 

51;,  07 

506.  3 
.526. 1 

26.  95 
27.99 

20.07 
19.49 

5.87  , 

3.8 

13.78 

12.6 

2.5.4' 

(  Increasing  ) 
(    1  in^25.  I 

36 

28. 

6.89 

.28. 
(  30.  5 

.99 
.91 

37.  4J 
34.1) 

Prismatic,  7 
holes,  d,  = 
1.76. 

\:.: 

68.9 
112.2 

Copper  bands. 
Copper  bands. 

1.83 
3.2 

75.8 

2,  13.') 
1,676 

19. 
18. 

2,184 

SO.  20 
80.70 

64.05 

.572. 9 
.574.7 

17.00 
17.05 

9.32 
12.48 

j  18.1 

87. 

29.52 

27.5 

18.25 

18.6 

36.5 

.  75 

440. 

Prismatic  or 

.5. 

Prob.l,h 

65.82 

20.87 

;  12.6 

38. 

22.5 

21. 

I  in  70. 

48 

3.5.  66 

13.1 

30. 

.924 

f  132. 
(158. 

prog-essive. 
Progressive. 

52.7 

770 

Copper  bands. 

(  5.8 
I  4.8 

109. 
109. 

1,  305 
1,492 

a  b  0  u 
14  tons. 
15.8 

12.6 

0,  945 
11,  881 

79.71 
95. 17 

7.5.  54 
74.97 

262.  3 
312.8 

16.85 
20. 13 

14. 13 
16.  63 

17.  72 

100. 

32.98 

30.5 

20.5. 

64.8 

19.75 

36. 

.770 

550.  1 

C2.78 
I  2.78 

2,110  1 
2,000  5 

E.xpanding  gas- 
check. 

106. 

41,  588 
32,  966 

168.  64 

60.  06 

416.9 

35.63 

100. 

1 

32.  98      30.  5 

21.7) 

froinlin'250 
to  SO. 

$  " 
\  27 

Not  el 

375.  > 

Progressive. 

\ 

t  5.6 

112. 

1,542 

13. 

145.  23 

87.87 

329. 7 

30.69 

26.63 

'  18.11 
.     12. 599 

124. 

33.59 
20. 

31.09 
17. 

20.6 
16.1 

Increasing  1  in 
45. 

Not  er 

139.  S 

\  

<  2.5 

Lead  coating. 

1,  371 

264.6 

40.45 
17.00 

16.37 

27.  33 
19.18 

35.73 
14.24 

13.59 
20.53 

i 

1  15.75 

1 

39. 

20. 

17. 

17. 

36 

12.3 

114, 

235. 
115. 

Pi-isDiatic. 

Pebble. 
Hexagonal,  d. 

2.5 

650 

5.6 

2.2 
.  6. 

135. 

1,  400 

1,  817 
1,  485 

8,764 

12,  295 
10,  701 

77.  50 
128.  74 

76.87 
52.30 

224.7 
351.3 

11. 

35. 

149. 
128, 

.  12.25 

40. 

21.81 

18.74 

18.55 

Iin70. 

21 

525 

Sxpandinggaa- 
check. 

15. 

90.60 

93.  05 

267.5 

12. 

65. 

28.3 

25. 

25. 

57. 

15.6 

35. 

.792 

200. 

=  1.785. 
Hexagonal. 

3  to  3.5 

700  ^ 

(  2.7 

154. 

1,886 

19,  726 

174.  42 

68.02 

358.  82 

36.85 

29.  83 

1 

The  number  of  Rroovca  aefinitely  decided  on  for  the  80-ton 
gun  is  32,  and  tlio  rotation  will  be  given  by  meiins  of  th» 
expanding  gas-cbeck,  the  studs  being  dispensed  with. 


The  length  of  chamber  of  this  gun  is  practically  59.7  inches. 


With  the  8-inch  Armstrong  chambered  B.  L.  gun 
'  '■  mis  and  projectile  of  80  pot 

has  recently  been  obtained. 


'  those  taken  at  115  feet  from 


The  fabrication  of  this  gun,  it  is  understood. has  been  com- 
pleted, but  no  reports  of  its  trial  have  been  received. 
The  velocity  given  is  the  calculated. 


One  of  these  guns  recently  burst  < 
;  apart  in  tl  ' 
that  given. 


This  gim  ia  reported  as  being  under  fabrication. 
The  charge  is  deteimiued  from  the  assumed  velocity. 


be  commenced  during  th% 


Face  p.  514,  Ord  1 


'  By  Major  Maitland's  formula. 
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II.— TABLK  OPiPRINCIPAL  DIMENSIONS 


OF  EUROPEAN  6-lNCH  RIFLED  HOWITZERS 


AND  MORTARS. 


Grrman.  IS  c  m.  B.  L  howitier  (Krnpp's  system)  . 
Russian,  6-uich  B.  L.  oiortar  


'Bolgiau.  IS  c.  m.  B.  L.  mortar  . 
English.  6".3  iL  L.  hovrilzcrs  . . 
Krupp.  J5  c.  m.  B.  L.  mortar. . . 


Cylindro-pris- 
matic  wedge. 
Frismatio  vedge 


Cast-iron          French  screw  . 


Wroilfiht-iron,   

stecl-tubed.  ■  ' 

Steel   Prismatic  welgel 


Inches.        Pounds.  JnchcB. 


Inches.      I  Inches. 

22.97 


20.  05 
39.7 


17. 26 
12.59 


Inches.     \  Inches. 


Feet.  Pounds 


Steel  rings.. 
1  Copper  ring 


0.489 
0.1575 


j    10  to 
ifrom  52  to  16] 
7.  375 


ServiPo  siege- 

cnrriace. 
Tup  cnrriage 

iukI  ch:is.sis 


 I  40-poun(ler 

Sil'KB. 

Steel  rinj;. ..  Carrinjxewith. 


Material.  ■Weight. 


Wronsht-iron. 
•wiihwMOclen 
divcutor. 


■Wrought-iron  [ 
Wrought-ivon  | 


III.— COMPARATIVE  TABLE  OF  FIRE  OF  EUROPEAN  G-INCH  RIFLED  HOWITZERS  AND  MORTARS. 


German.  15 cm.  B.  L.  howitzer  (Knipji's  system)  - 
Russian.  6-inch  B.  L.  mortar   


Belgian.  15  c  m.  B.  L.  morta 
English.  C  '.3  iL  L.  howitzer  . 


Krupp.  15  c.  m.  B.  L.  mortar . 


1    ."  I 


Appioxisute  length. 


Length. 


Copper  hands . . 
Lead  coated.... 


'  Ova.,24"to39" 


.39  I  Lead  coated. 
.  9        '  Le  ad  coated 


Copper  bnnds  

Expanding  sabot. 
E.xiiiiudiili:  ^abut. 


Calibers,  i  Povnds. 
2.06  I 

\  \  *81. 


Bursting  C^tt^^^ 
':li-"S«-    I  projcctUe. 


Woijibt  of  prujec- 1  vtlouity. 
tile  to  weight  I 


Elevation. 

Pressure  per 
square  inch 

Eecoil. 

... 

Time  of 
Hijlht. 

Me 

Longitudi. 

IN  DKVIATIO 

Lateral. 

. 

In  direc- 

DeriTntioD. 

45" 

Pounds. 

Feet. 

Yards. 
6,660 

Seconds. 

Yards. 
97.4 

Yards. 
25.  S 

450 
70" 

45° 
15° 
35=> 

40° 
45° 

4,  339 
2,  670 

2,500 
3,164 
2,801 

3, 773 
2,187 

30.9 
31.7 

5.70 
!).51 

14,250 

18.6 
11.26 

5.8 
6.3 

1 

^e.  The  angle  of  Are  was  00°.  The  pn)iectiles  fi  ll  point  foremost,  and  the  resulis-a.s  n-ard,s  pcni  ti  iitiou— were  good.  Nothing  ia  stated  respecting  the  accuracy  of  the  firo.  The  Austrian  6".5  mortar  was  considered  uureli- 
'.3  howitzeiCas  given  above,  ia  the  latest  model,  of  which  a  large  number  have  recently  bceu  ordered  for  the  siege  train.    ^Itevue  D'ArtiUerie,  July,  1878.) 


IV.— TABLE  OF  PRINCIPAL  DIMENSIONS  OF  EUROPEAN  8-INCH  RIFLED  HOWITZERS  AND  JIORTARS. 


Fat*  p.  514,  Ord  2 


t  Conv.  rtcd  sniooth-1 
IV..  pit-,  cs  is  about  tto-  s  iiiio  as  that  of  tlio  bore. 

I  howitzer,  see  Ueviie  B'ArtiUcric,  January.  1873,  and  Februarry,  1878. 


FLEI 


rge 
of 


to  hav 

gun  (1 
porior 
ui  tar  tl 
biouze 
essure 


^CH  ] 


Russian,  S-inch  R  L.  murtar  

Anstrum.  S  iwucis  B.  L.  mortar  . 

Fltnch.  S  c-  m.  M.  I.  howitier  . . 
English.  S-inch  il.  L.  howitzer. . . 
Krupp.  21  i  .  ni.  R  L 


■.-COMPARATIVE  TABLE  OF  FIRE  OF  EUROPEAN  S-INCH  RIFLED  HOWITZERS  AND  MORTARS. 


TWBT  OF  BIFUJJO. 


CaUber.  Weight. 


8.789  3.03311 


RtsiAnKS.— 1  he  French  howitzer  nnd  the  t 
■  a  ■•T»  ;it(-r  Ifiicth  of  horv,  which  wonM  ])i'rTi 


TVcifht.  Syste 


.  ...    o  '  Weiglit  of  charge    Weight  of  pro.jec- 

•\Veight.,  1  Bursting      to    weight    of      tile  to  weight  c' 


•^I'^'-S"-  I  piojeetiTe. 


2.8  ]  200.  !  10.5 
2.8     1    200.       i  10.5 


1  to  l:> 
1  to  13 

1  to  13 
1  to  18 
1  to  12. 5 
1  to  30. 3 


1  to  41 
1  to  53 


1  to  46 
1  to  29 


5,  707  ,     32. 1 


Yards.  Yards. 


2. 48     I      28. 78 


Kmpe,  28  c 


Kmpp.  2s  c.  m.  B.  L.  howitzer  - 


11-inch  B.  L.  mortar. . 


EngliAh.  10-incL  >L  L.  howitzer  . 


VI.— TABLE  OF 


PRINCIPAL  DIMENSIONS  OF  EUROPEAN  10  AND  U  IN-CII  RIFLED  HOWITZERS  AND  MORTARS. 


Steel,  hooped. 


Kossian.  U-inch  B.  L.  mortar  '  Steel,  hooped. 

•  EngHsh,  10-inch  M.  L.  howitzer   ^teefuibed"' 


Of  chamber.  1  Of  rifling. 


11.  26 
13.39 


of  :  Width  of  I  Depth  of 


1  ^ 


Inches.  Feet.  'J'oun 

36. 736   

(uuifui-m  ) 


"Wrought  iron 


Remarks.—*  Experimental— not  adopted. 
VII.-COMPARATIVE  TABLE  OF  FIRE  OF  EUROPEAN  10  AND  11  INCH 


Proposed  carriage. 

RIFLED  HOWITZERS  AND  MORTARS. 


APPEOXIMATE  LENGTn.       TWIST  OF  uira.N 


;  rifling.  Calibers. 


Kind.  Weight. 


Tont. 
9.82 


Prismatic,  d= 
7  holes.  ' 


Coyper  bands. 


Caliber. 
2i 


Bursting,  ^«'s'''°f„tt'''-|? 
charge.  J  pi-^tilo. 


\  1,060 


5°  30' 
*22°  30' 
t60° 


6,349 
6,  864 


-iSSS^i^tSlK^dS^^SKrW^l^^^  ,Xheweightoft.epr.ectUei 


1  this  oaae  was  355  pounds. 


Face  p.  514,  Ord  3 
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>n 

•aS.iBqo  Sai^s.ina 

^  into 

§  .-H  i>  in  in                    «^  <^» 

-O  ld  JO  ■  !mSia^ 

Pounds. 

9.") 
,  120 

21G 
101.07 

i 

•spniiodutaSj^q^ 
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1 

saqout 
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rs  o  -73  o 
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m  t- 
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o  f  in  to                    m  to 

Ui 

English. 

i:i  inch  njovtar  , 

!Vinch  howitzer  ' 
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PLATE  I. 


HEAVY   RIFLED  GUNiS. 
ENGLAND., 


8     INCH.  (Arrr,,ir^cn^) 


«  SttlSA   >i 


12  5  INCH. 

CJ«  Tons) 


16  INCH. 

(80  Tom) 
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PLATE  II. 


HEAVY  RIFLED  GUNS. 

KRyPP'S  WORKS. 


^■k-b  INCH 

( /S  Tons) 


13  97  INCH. 

(5  1  Tons) 


5-75  INCH. 

(7Z  Tons) 
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PLATE  III. 


HEAVY  R  IF  LEO  GUMiS, 

IITALY., 


Appendix  26—1880. 
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PLATK  IV. 


HEAVY    RiFLEO  GUNS. 


TRENCH    126  INCH. 

(at-  Tons) 


... 

RUSSIAN    12  INCH. 

(33  Tons) 


*   ?*« 


AMERICAN     12-25  INCH. 

{us  Tons.) 
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PLATE  V. 


HEAVY  RIFLED  GUNS. 


ENGLISH    12  INCH. 

(Proposed  Model) 


3330 


AMETRICAN    12  INCH 

(Proposed  Model.) 
(SS  Tons.) 
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PLATE  VI. 


PROJECTILES 

FOR 

HEAVY   BliFLED  GUNS. 

(CORED  SHOT) 
K  R  U  P  P. 


Old  Model.  IVew  Model. 


FRENCH.  ITALIAN. - 


ENGLISH 


Old  Model.  New  Models. 
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PLATE  VII. 


RIFLED   HOWITZERS   AND  mORTARS 

GERMANY 


8  INCH 
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PLATE  VIII. 


RIFLED   HOWITZERS  AMID  WORTABS. 


5  9  INCH. 


37  1^  ■>. 


826  INCH, 
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PLATE  IX. 


RtFLED   HOWITZERS   AND  WOBTARS 

KBUPP'S  WORKS 

8  26  INCH 


Scale. 
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PLATE  X. 
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PLATE  XI. 


RirLi:D    HOWITZERS   AMID  MIORTARS. 
RUSSIA, 


6  INCH. 


PLATE  XII. 


RIFLED    HO)W/l)TZE,RiS  ANiD  MORTARS,. 


5  9    I  N  C  H  ,  K  R  U  PP. 
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PLATE  XI 11. 


BIFLED  HOWITZERS  AND  MlORTARS. 


AUSTRIAN   8  INCH. 


FRENCH    8-6  INCH. 


O  .X; 
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PLATE  XIV. 


RIFLED  HOWIITZERS  AINID  WIlORTAiaS. 

tn  GLANIO. 


6  3  INCH 


1  u 


O 


10  INCH, 
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APPBNDIX  27. 


SllOWINCJ  STATIONS  AND  DUTIES  OF  THE  OFFICERS  OF  THE  ORDNANCE 
DEPARTMENT  ON  THE  1st  OF  OCTOBER,  1880. 


Kank  and  name. 

BllIUADIEK-GENERAL. 

Stepbeu  V.  Benet  

COLONELS. 

1,  P.  V.  Haguer,  brevet  bi  igadier-general. 

vi.  T.  T.  S.  Laidley,  brevet  

J.  G.  Benton,  brevet  


Duty. 


LIEUTENANT-COLONELS. 

1.  J.  McAllister,  brevet  colonel . 

2.  S.  Crispin,  brevet  colonel  

3.  T.  G.  Baylor,  brevet  colonel. . , 

4.  J.  M.  Whittemore  


MAJORS. 


1.  A.R.  Buffington,  brevet  

2.  D.W.  Flagler,  brevet  lieutenant-colonel. 

3.  A.  Mordecai,  bi-evet  lieutenant-colonel. . 

4.  S.  C.  Lyford,  brevet  lieutenant  colonel . . 

5.  F.  fl.  Paiker,  brevet  

6.  J.P.Farley  

7.  L.  8.  Babbitt  

8.  W.  A.  Marye  

9.  L  Arnold,  jr  

10.  C.  Comly  


CAPTAINS. 


1.  J.  H.  Rollins,  brevet  

2.  J.  IL  McGinness,  brevet  major 

3.  G.  "W.  McKee,  brevet  major — 

4.  F.  H,  Phipps,  brevet  


5.  J.  W.  Reilly,  brevet  

6.  J.  A.  Kress,  brevet  major 


O.  E.  Michaelis,  brevet . 

W.  Prince,  brevet  

C.  E.  Button  

J.  G.  Butler  

C.  Bryant  

A.  Ij.  Varnev  

J,  C.  Clifford  

J.  E.  Greer  

J.  Pitman  


C.Shaler  ... 
H.  Metcalfe 


18.  W.  S.  Stanitig 
m  C.  S.  Smith  .... 
2i).  S.E. Blunt  .... 


Chief  of  Ordnance. 


Commanding  the  AVatervliet  Arsenal. 
Commanding  the  Watertown  Arsenal. 
Commanding  the  National  Armory. 


Commanding  the  Benicia  Arsenal. 

Commanding  the  Ordnance  Agency;  President  of  the  Ord- 
nance Board,  and  Constructor  of  Ordnance. 

Commanding  the  New  York  Arsenal,  and  member  of  the 
Oi  dnance  Board. 

On  duty  in  the  office  of  the  Chief  of  Ordnance,  and  in 
temporary  command  of  the  Washington  Arsenal. 


Commanding  the  Allegheny  Arsenal, 

Commanding  the  Rock  Island  Arsenal. 

Instructor  of  Ordnance  and  Gunnery,  United  States  Mili 

taiy  Academy. 
Commanding  tte  Frankford  Arsenal. 
Commanding  the  Piccatinny  Powder  Depot. 
Commanding  the  Kennebec  ArsenaL 
Commanding  the  Fort  Monroe  Arsenal. 
Commanding  the  Augusta  Arsenal. 
Commanding  the  Indianapolis  Arsenal, 
Member  of  the  Ordnance  Board. 


On  sick  leave  of  absence. 

Commanding  the  Saint  Louis  Powder  Depot. 

Assistant,  Rock  Island  Arsenal. 

Commanding  the  San  Antonio  Arsenal,  and  Chief  Ord* 

nance  Officer  Department  of  Texas. 
Assistant,  Watervliet  Arsenal. 

Commanding  the  Vancouver  Arsenal,  and  Chief  Ordnance 

Officer  Department  of  the  Columbia. 
Assistant,  Frankford  Arsenal. 
On  sick  leave  of  absence. 
On  duty  under  the  Interior  Depai  tment. 
Assistant,  "Watertown  Arsenal. 
Assistant  to  the  Constructor  of  Ordnance. 
Assistant,  W.atervliet  Arsenal. 
Assistant,  Watervliet  Arsenal. 
Assistant,  National  Armory. 

Assistant,  AYatertown  Arsenal  (on  duty  under  the  Interior 

Department). 
Chief  Ordnance  Officer  Department  of  the  South, 
Assistant,  Frankford  Arsenal,  and  Inspector  of  Contract 

Ammunition. 
Assistant  to  the  Constructor  of  Ordnanee, 
Assistant,  Ordnance  Agency, 
Chief  Ordnance  Officer  Department  of  Dakota. 


FIRST  LIEUTENANTS, 


1.  F,  Heath   Commanding  the  Cheyenne  Ordnance  Depot. 

2.  D,  M.  Taylor   Chief  Ordnance  Officer  Department  of  the  Missouri,  anu 

commanding  tlie  Fort  Leavenworth  Ordnance  Depot. 

'■i.  D.  A.  Lyle   Assistant,  National  Armory,  and  member  of  the  Board  on 

Life-saving  Apparatus,  &.C.,  under  the  Secretary  of  the 
Treasury. 

4.  J.  Rockwell,  jr   Assistant  Instructor  of  Ordnance  and  Gunnery,  Military 

I  Academy, 

5.  J.  C.  Ayres   Commanding  the  Fort  Abraham  Lincoln  Ordnance  Depot. 
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Hank  and  name. 


G.  M.W.Lyon  ... 

7.  C.W.Whipple 

8.  A.H.Kussell.. 

9.  R  Birnie,  ir  

10.  I.MacNutt.... 

11.  C.  C.  Morrison  , 
V2.  F.  Baker  

13.  O.  B.  Mitcham  . 

14.  H.  D.  Borup  ... 

15.  L.  L.Bruff  

16.  C.H.Clark  .... 


Duty. 


Assistant,  Benicia  Arsenal. 
Assisttiut  to  the  Constructor  of  Ordnance. 
Assistant,  Watcrtown  Arsenal. 
Assistant,  Xatioual  A  rmory. 
Assistant,  Hock  Island  Arsenal. 
Assistant,  National  Armory. 
Assistant,  Hock  Island  Arsenal. 

Acting  Assistant  Professor  of  tbe  French  Language  ani 

Engli.sh  Studies. 
Assistant,  Frankford  Arsenal. 
Assistant,  liock  Island  Arsenal. 

Assistant  to  the  Instructor  of  Ordnance  and  Gunnery, 
United  States  Militarv  Acadeniv. 


OUDNANCE  STOUKKEEPEKS. 


E.  Ingersoll,  major  I  On  duty,  National  Armory. 

W.  R.  Shoemaker,  captain  I  Commanding  the  Fort  Union  Ariena], 

B.  H.  Gilbroth,  captain  |  On  sick  leave  of  absence. 

E.  D.  Ellsworth,  captain   On  sick  leave  of  absence. 


W.  Adams,  captaii 
A.  S.  M.  Morgan,  captain 
W.  H.  Rexford,  captain. . 

F.  Whyte,  captain  \  On  sick  leave  of  absence 

D.  J.  Yonu^,  captain   On  duty,  Watervliet  Arsenal 

M.  J.  Greahsh,  captain  j  On  duty,  Augusta  Arsenal. 


On  duty,  Foit  Monroe  Arsenal. 
Oq  duty,  Allegheny  ArseuaL 
On  dutV,  Benicia  Arsenal. 
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AmkrioaH  mktals  for  caxxox.    (Se-e  Metals.) 

Ammunition  for  the  U.  S.  Land  Service: 

weights,  dimensions,  6cc   6f> 

ammunition  andcjiuuon  of  the  U.  S.  Navy   194 

for  the  Gatling  guns   220 

for  theHotchkiss  revolving  cannon   217 

for  the  Hotchkiss  mountain  gun   219 

AxNEALiXG  FURNACE  (one  plate) : 

report  on  a  now  cartridge-annealing'furnace  in  use  at  Frankford  Arsenal   269 

Appendices  : 

atat^sment  of  those  submitted  with  report   xviLL 

Appendix  1 : 

statement  of  i^rincipal  articles  procured  by  purchase  and  fabrication  at  the 

arsenals  during  the  year  ended  June  30,  1880    1 

Appendix  2 : 

statement  of  ordnance,  ordnance  stores,  &c.,  issued  to  the  military  estab- 
lishment, exclusive  of  the  militia,  during  the  year  ended  June  30,  1880..  5 
Appendix  3: 

apportionment  for  the  fiscal  year  ended  June  30,  1880,  of  the  annual  appro- 
priation of  $200,000  for  arming  and  equipping  the  militia,  under  sections 

1661  and  1667  Revised  Statutes   3t 

Appendix  4 : 

statement  of  ordnance,  ordnance  stores,  &c.,  distributed  to  the  militia  from 

July  1,  1879,  to  June  30,  1880,  .under  section  1667  Revised  Statutes   32 

Appendix  5 : 

statement  of  ordnance,  ordnance  stores,  &c.,  distributed  to  colleges  from 

July  1,  1879,  to  June  30,  1880,  under  section  1225  Revised  Statutes   3^ 

Appendix  6 : 

statement  of  arms,  ammunition,  &c.,  distributed  to  the  Territories  and  States 
bordering  thereon  from  July  1,  1879,  to  June  30,  1880,  under  the  joint  reso- 
lutions of  July  3,  1876,  March  3,  1877,  March  9,  and  June  7,  1878   38 

Appendix  7 : 

statement  of  arms  and  ammunitions  issued  to  the  Executive  Departments 

under  the  provisions  of  the  act  of  March  3,  1880    39 

Appendix  8 : 

construction  of  a  3.17-inch  muzzle-loading  rifle    41 

Appendix  8* : 

construction  of  a  3.18-iuch  breech -loading  chambered  rifle  (two  plates)   42 

Appendix  8** : 

construction  of  an  iron  field-carriage  for  a  3.18-iuch  breech-loading  rifle  (two 

plates)   45- 

Appendix  8<= : 

construction  of  an  8-inch  muzzle-loading  #We  (converted)  with  an  increased 

pitch  of  rifling   47 

Appendix  8^ : 

construction  of  an  8-inch  muzzle-loading  chambered  rifle,  converted  (one 

plate)   48 

Appendix  8*^ : 

i)rogress  report  on  experimental  cannon  powders   51 

Appendix  8^ : 

tests  of  bar  iron  used  in  the  fabrication  of  wrought-iron  tubes  for  converted 

rifles   54 

Appendix  9  : 

field,  siege,  and  sea-coast  artillery  (sixty-five  plates)   57 

Appendix  9* : 

rifled  and  spherical  projectiles   197 
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Appendix  9^  : 

report  on  ll-incli  muzzle-loadiug  rilie.  No.  1   225 

Appendix  : 

rei>ort  on  8-incli  breech-loading  rifle,  No.  1   232 

Appendix  9<^ : 

report  on  S-inclimuzzle-loading  chambered  rifle,  No.  28  (two  plates)  ......  21,^0 

Appendix  9^ : 

report  on  3.18-iuch  breech-loading  chambered  rifle,  No.  774    24® 

Appendix  9^: 

report  on  powders  for  4.5-inch  siege  rifles   250 

Appendix  10 : 

annual  report  of  the  principal  operations  at  the  Rock  Island  Arsenal,  lS8f>, 
Maj.  D.  W.  Flagler,  Ordnance  Department,  commanding  (four  plates)-..  251 
Appendix  11 : 

description  of  a  machine  for  printing  paper  targets,  and  a  barrack  gun-rack, 

devised  by  Maj.  D.  W.  Flagler,  Ordnance  Department  (four  plates)   261 

Appendix  12 : 

report  on  a  new  cartridge-annealing  furnace,  by  Lieut.  Col.  J.  M.  Whitte- 

more,  Ordnance  Department  (one  plate)  ,.   3<)0 

Appendix  13 : 

description  of  an  arm-rack  for  company  quarters,  by  Capt.  F.  H.  Pliipps, 

Ordnance  Department  (one  plate)   271 

Appendix  14 : 

report  on  foreign  life-saving  apparatus,  by  Lieut.  D.  A.  Lyle,  Ordnance 

Department  (nineteen  plates)  1   273 

Appendix  15 : 

description  of  a  new  method  of  fastening  faking-boxes  for  the  life-saving- 
service,  by  Lieut.  D.  A.  Lyle,  Ordnance  Department  (one  plate)   321 

Appendix  16 : 

descriptive  report  on  two  galvanized  sheet-iron  faking-boxes,  designed  for 
the  life-saving  service,  by  Lieut.  D.  A.  Lyle,  Ordnance  Department  (two 

plates)   325 

Appendix  17 : 

on  the  U.  S.  testing  machine   329 

Appendix  18 : 

on  the  militia   357 

Appendix  19 : 

trial  of  the  Gardner  machine  gim  (six  plates)   387 

Appendix  20 : 

gallery  target  practice   391 

Appendix  21 : 

Benton's  electro-ballistic  machine  for  determining  the  veloci  ty  of  projectiles .  4€'3 
Appendix  22 : 

carriage  for  the  Lowell  battery  gun,  by  Col.  P.  V.  Hagner,  Ordnance  De- 
partment (three  plates)   413 

Appendix  23 : 

report  on  the  Welden  range-finder,  by  Lieut.  A.  H.  Russell,  Ordnance  De- 
partment (two  plates)   415 

Appendix  24 : 

instructions  for  the  care  and  use  of  cartridge  reloading  tools,  by  Lieut.  Col. 

J.  M.  Whittemore,  Ordnance  Department  (one  plate)   421 

Appendix  25 : 

extreme  ranges  of  military  small-arms,  by  Col.  J.  G.  Benton'and  Capr.  John 

E.  Greer,  Ordnance  Department  (four  plates)   425 

Appendix  26 : 

the  most  powerful  rifled  guns,  homtzers,  and  mortars  existing  in  18S0,  by 

Capt.  Charles  S.  Smith,  Ordnance  Department  (fourteen  plates)   50i3 

Appendix  27 : 

showing  stations  and  duties  of  the  officers  of  the  Ordnance  Department^on 

the  1st  of  October,  1880   517 

.Apportionment  : 

of  arms,  ammunition,  &c.,  to  the  States  and  Territories,  under  sections  1661 

and  1667  Revised  Statutes  U.  S  31-381 

Armament  of  fortifications  (^ee  Rifled  guns ) : 

the  appropriation  at  the  last  session  of  Congress  an  indication  of  a  future 

liberal  policy  -   y.i 

the  work  of  armament  in  progress   xii 

its  character   sii 

the  8-inch  breech-loadino;  rifle   xii 

the  chambered  8-inch  rifle   sii 
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Akm-Ra(  K  (I  plate): 

a  portable  ami-rack  lor  coiiipauy  quarters   '271 

Arms  (JSee  Guuh,  Kifled  f!:«n8,  Ma^^aziuo  ^iins,  Spriuglield  rille,  Small  arms) : 

a  first-rate  uiilitary  arm  must  be  of  «j;nvdual  f^rowtli  "   xvi 

Htatemoiit  ol'  arine,  <fec.,  dustributod  to  the  militia  during-  the  tiscal  year 

e tided  June  30, 1880   32 

Htat^emeut  of  arms,  &c.,  issued  to  the  military  establisbmeut,  exclusive  of 
the  militia,  duriu^  the  fiscal  year  euded  June  30,  1880    5 

statement  of  arms,  <fec.,  issued  to  colleges  and  universities  during  the  fiscal 
year  ended  June  30,  1880    36 

statement  o£  arms,  &c.,  issued  to  tine  Territories  and  States  bordering 

thereon,  under  joint  resolutions  and  acts  of  Congreas   :3S 

statement  of  arms,  &c.,  issued  to  the  Executive  Departments  

apportionment  of,  to  the  States  and  Territories  for  the  tiscal  year  1877,  un- 
der the  law  of  1808    381 

as  to  the  right  of  property  in  arms  issued  to  the  States — an  opinion  of  the 
Department  of  Justice,  whether  States  have  power  to  dispose  of  arms  by 

sale  or  otherwise   377 

Bar-iron  : 

tests  of,  used  in  the  fabrication  of  wrought-iron  tubes  for  converted  rifles.  54 
Barrack-rack  : 

for  small  arms,  description  of   265 

Bayonet:  (/See  Ramrod  bayonets)   xa^I 

Benicia  Arsenal: 

the  necessity  for  a  new  machine-shop  at   ir 

Benton's  electro-b-allistic  machine: 

for  determining  the  velocity  of  projectiles   403 

description   403 

theory   404 

to  compute  a  scale  of  velocities   406 

Benton's  electric  and  thread  velocimeters  407-412 

Bores  of  guns: 

gutta-percha  impressions  of   179 

Bol'lengp:  chronograph  : 

theory  of  the  instrument   173 

use  of    174 

the  instrument  as  a  micro-chronometer   177 

Bronze,  Italian  (for  guns)   189 

Bronze  for  cannon:        Metals)   126 

Cannon.    (See  Guns,  Metals,  Ordnance,  Rifled  guns.) 

inspection  and  proof  of   103, 104 

and  ammunition  of  the  United  States  Navy   194 

how  classified   59 

Cannon  powders  (experimental).    (*S'pe  Powders.) 

Carriage,  field: 

construction  report  of,  for  a  3.18-inch  breech-loading  rifle   45 

Carriage  for  Loweu.  battery  gun  (3  plates)   413 

Cartridge  annealing  furnace  ( 1  plate) : 

report  on  one  in  use  at  Frankford  Arsenal   269 

Cartridges  : 

the  adoption  of  reloading  cartridges  as  an  economy   v 

reloading,  hand  tools  for,  and  their  care  and  use   421 

Center  of  gravity: 

det-ermination  of  the  position  in  a  gun   184 

method  of  approximate  determination   185 

Chambering  of  guns: 

a  system  of  chambering  in  all  future  conversio'ns  or  new  constructions  is 
recommended   xiii 

Chronograph  (Bouleng^^).    {See  Boulenge  chronograph.) 

Clerical  forcp:  : 

grades  should  be  changed   xviii 

Colleges  : 

military  education  at   xi 

statement  of  arms,  &c. ,  issued  to,  during  the  liscal  year  ended  June  30, 1880 . .  36 

Con8TRUctm)n  reports.    (See  Reports,  Rifled  guns.) 

Constructor  op  ordnance: 

reports  of   40 

Converted  rifles.         Rifled  guns.) 
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Ckeedmooii  : 

target  practice  at — scores  of  tlie  teams  comiietiug  for  tlie  pri^e  September 

16,  1880   X 

Densimeter  : 

for  the  determination  of  the  Bpeeinc  gravities  of  metals   h}7 

Duties  : 

of  the  Orduauce  Department   iv 

Electric  Velocimeter  (Bentou's)    407 

Electro-Ballistic  machine  (Benton's) : 

for  determining  the  yeu^city  of  projectiles  

Emery,  A.  H. 

favorable  action  recommended  on  his  memorial  to  Congress  fbr  additiojial 

compensation  for  labor  on  the  United  States  testiiig  machine   -vi 

message  of  the  President  transmitting  his  memorial  and  accompanying  pa- 
lmers to  the  Senate   329 

English  gux  metals   189 

Executive  Departments  : 

arms,  &c.,  issued  to,  under  the  provisions  of  the  act  of  Congress  of  March, 

3,  1879    3^ 

Expenditures  : 

of  the  Ordnance  Department  for  the  fiscal  year  ended  June  30,  1880   iii 

Experimental  cannon  powders:  (^eePoWers)   51 

Experimental  guns.    (See  Gnus,  Rilled  guns.) 

Extreme  ranges  of  military  small  arms   xvii 

experiment  Avith  the  Springfield  and  the  Martini-Henry  rifles  4'2-5-4*27 

Fabrications  : 

statement  of,  at  the  arsenals  during  the  fiscal  year  ended  June  30.  1880....  1 

of  rifled  projectiles  :    (St'e  Projectiles)   208 

Faking-rqxks  : 

description  of  a  new  method  of  fastening   321 

report  on  two  galvanized  sheet-iron  faking-boxes  for  the  life-saving  .service .  325 
Fieli)-carriag]:s  : 

of  steel  and  iron   xiLi 

consti  uction  rer»ort  ot,  for  a  t?.18  inch  breech-loading  rifle   4'5 

Flagleh,  Maj.  D.  W.  : 

report  of  principal  operations  at  Rock  Island  Arsenal   251 

description  of  a  ])apor  target  printing  machine   261 

descrijttion  of  a  barrack- rack  for  small  arms   265 

Foreign  liik-saving  rockets  and  apparatus: 

report  on  :  (AVe  Life-saving  rockets,  &c.)   273 

Formulas  pertaining  to  rifled  guns   1S«) 

initial  velocity  of  rotation   181 

effects  produced  by  heavy  guns   182 

for  perforation  of  wrought-iron  plates   183 

determination  of  the  center  of  gravity  of  a  guii   184 

pre])onderance   185 

Frankfoed  arsenal  : 

its  superiority  as  a  metallic  cartridge  factory   v 

Frankford  arsenal  hand  tools: 

for  reloading  cartridges — their  care  and  use  of   421 

Gallery  target  practice  : 

the  use  of  round  balls  and  reduced  charges  for  gallery  target  practice   391 

targets  for   397 

the  operations  for  the  manufacture  of  round  balls   40*0 

Gardner  machine  gun  (6  Plates) : 

trial  of,  by  the  Ordnance  Board   387 

results  of  firing   389 

nomenclature  of  the  gun   390 

Gatling  guns  : 

description   137 

weight,  &c.,  of  the  10-barrel  gun   140 

ammuniti  on  for   220 

Geological  survey   xvi 

Gravity  : 

determination  of  the  center  of  gra  vity  of  a  gun  (formula)  t   184 

Greer,  Capt.  Jno.  E.  : 

description  of  Benton's  Electro-Ballistic  machine  for  determining  the  veloc- 
ity of  projectiles   403 

report  of  experiments  with  the  Springfield  and  Martini-Henry  rifles  and 

their  ammunition   425 
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tho  most  powerful  oxtsfciiii;  or  [noposod  at  the  commeLiio<»mont  of  1880  (ta- 
bles of ) .   50f> 

the  8-iiich  chainbciod  nllo   xii 

the  8-inch  brooch -loadin<;  rilio   xti 

the  trial  of  Iho  11-incli  iimz/Ae-loadui*?  riflo,  converted  (oxpeniricntal)   xiv 

the  classification  of  canuou   59 

the  standard  kinds  and  caliber   59 

definitions  of  ]>arts   59-(>0 

nomenclature  (model  of  18<)1  and  1874)   GO-<Sl 

for  the  land  .sor\  i(;e  

dimensions  and  wei<2;hfcs  of  standard  United  States  ordnance   62 

dimensions  and  weights  of  ordnance  and  ammunition  for  TIjiitiMl  States 

land  service   f)6 

the  3.17-inch  nmzzle-loadin^  riflo   41 

tlie  3.18-inch  breoch-loadin^  (chambered)  rifle   42 

the  8-incli  nnizzle-loading  rifle  converted   47 

the  8-incli  converted  rifles,  muzzle  insertion  (Palliser)   118 

the  8-ine1i  converted  rifle,  breech  insertion  (present  system)   121 

the  8-inch  converted  rifle  by  lining,  breccli  insertion,  <SLc   123 

bronze  j»  uns  at  South  Boston  fonndry   127 

the  3-inch  wronght-iron  field  rifle   131 

the  1.6o-incli  breech-loading  mountain  gnu  (Hotchkiss)   132 

the  Hotchkiss  revolving  cannon   134 

the  Hotchkiss  revolving  cannon,  light  lield  model,  caliber  1.45   l:3<i 

the  Gatling  gnns  _   137 

the  12.25-incli  muzzle-loadiug  rifle,  experimental   140 

the  8-inch  breech-loading  rifle,  experimental   150 

the  3.5-inch  bronze  rifled  field  gun,  Dean's  patent  ,   156 

examination  and  preservation  of  gnus   158 

preservation  of  rifled  breech-loading  guns   159 

skidding   159 

mechanical  tests  of  the  metals  of   160 

pressure  gauges   177 

mode  of  taking  gntta-i>ercha  impressions  of  the  bores  of  guns   179 

formulas  pertaining  to  rifled  guns   180' 

approximate  determination  of  the  center  of  gravity  by  experiment,  method 

by  distorted  section   185 

determination  of  the  position  of  the  center  of  gravity  of  a  gun  (formula).  184 

GUTl'A-PEECIIA  impressions: 

of  bores  of  guns   180 

Hagner,  Col.  P.  Y, : 

carriage  for  LonvcII  battery  gun   413 

IIani>  tools  for  keloadinc/  cartridges  : 

instructions  for  the  care  of,  and  use   421 

Hooper's  life-saving  rocket   312 

Hotchkiss  magazine  gun: 

its  present  defects  not  chargeable  to  the  invention   xv 

favorable  results  anticipated  from  the  new  corrected  model   xv 

Hotchkiss  l.tJ.j-iNCH  kreech-loading  mountain  gun   132 

principal  dimensions   133 

dimensions  of  cartridge   133 

cartridge   133 

service  of  the  piece   134 

ammunition  for   219 

Hotchkiss  Revolving  cannon: 

the  general  system  *   134 

the  operation  of  the  mechanism.  &c   136 

dimensions,  weights,  <S6C.,  of  the  gun   136 

ammunition  for   217 

Light-field  model,  cnliher  1".45   136 

weights  and  dimensions   137 

HYDROMErEii :  (See  Metals,  Testing  machine  )   169 

Impressions  of  roues  of  guns: 

manner  of  taking,  by  gutta-x)erclia   173> 

Intrenching  knife  : 

1,000  of  an  experimental  pattern  made  for  issue  for  trial   xvii 

Issues  of  arms,  &c.,  to  the  Army,  militiUi,  executive  departments,  colleges,  &c. 
('S'ee  Militia,  Arms.) 
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Italian  bronze: 

for  guus  ;  experiments  of  General  RoHset   189 

KnifE;  Intrenching  : 

or  trowel  for  digging-  ground;  an  experimental  ojoe  niade,  and  i,0(K>  to  be 

issued  for  trial   xvi 

Land  s?:kvice  : 

dimensions  and  weights  of  standard  ordnance  for  United  States  land-service .  G2 
dimensions  and  -weights  of  ordnance  and  ammunition  for  United  States  land- 
service    C6 

I^rincipal  dimensions  and  weights  of  retained  ordnance,  United  Statei»,  for 

the  land-service   TO 

principal  dimensions  and  weights  of  obsolete  ordnance  United  States  laud- 
service   72 

projectiles  for  the  land-service   197 

Life-saving  service: 

Life-saving  rockets  and  rocket  apparatus  {foreign)  (19  _plat't><)  ^.   273 

Kussian  life-saving  apparatus   283 

rocket   283 

rocket  stand   284 

port-fire  holder   286 

rocket-chain,  <fec   280 

record  of  iinngs  at  Sandy  Hook,  N.  J   288 

summary  of  the  trial  of  the  Russian  rocket  apparatus   318 

(German  life-saving  rocket  ^ nd  rocket  apparatus   290 

5^ '«  rocket   290 

8<=^«  rocket   292 

8<"™  anchor-rocket   293 

rocket  stand   294 

firing-statf  and  iiring-lock   296 

pillenlichte  ^   298 

packing  life-saving  rockets   299 

rocket  sticks  and  chains   300 

record  of  lirings   303 

faking-box     300 

summary  of  results  of  the  trial  of  the  German  rocket  apparatiis   318 

English  life-saving  rocket  apparatus   304 

rocket ;  dimensions  and  weights   305 

paints   306 

rocket  sticks   306, 

rocket  stand  ;  dimensions,  &.c     308 

rocket-line   309 

faking-box   :309 

wreck-light   309 

record  of  firing.   311 

Hooper's  iife-sa.ving  rocket  (English)   312 

dimensions  and  weights   313 

directions  for  use  of   313 

record  of  firings  at  Sandy  Hook   316 

siinimary  of  results  of  firing  with  the  English  rocket  apparatus   319 

summary  of  results  of  firing  with  the  Hooper  life-saving  rockets   319 

JS'ew  method  of  fastening  faking-boxes  (1  plate)   321 

experimental  faking-box  A   325 

experimental  faking-box  B   326 

Lowell  battery  guns: 

caiTiage  for   413 

Lyford,  Maj.  S.  C.  : 

the  operations  of  manufacturing  round  balls,  eal.  .45,  with  reiluced  charges, 

for  gallery  target-practice   400 

Lyle,  Lieut.  D.  A. : 

report  on  foreign  life-saving  rockets  and  rocket  ax^paratus   273 

dcscriptioii  of  a  new  method  of  fastening  faking-boxes  '   321 

report  on  t>vo  galvanized  sheet-iron  faking-boxee   325 

Magazine-guns  : 

will  nutj'aestioaably  be  adopted   xv 

the  HotchkisB — the  principle  of,  and  defects   xv 

the  new  model  with'defeots  corrected  ,   xv 

an  appropnarioR  called  for  to  further  extend  tnUiie  t^f  Uiagazine-giT.Li*'   xvi 
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physical  pio][>ortlod  of   74 

met  alv^j  lifted  tor  cooatmct  ion  of  ordnance,   76 

broazo  ,  -   76 

iron   78 

cast    78 

wrought   78 

el   79 

di^iinitioii  of  steel   80 

ifH  qualitios  stimmod  iip   82 

Amcricnn  metah  for  co7)tum   83 

mean  mechanical  propert,i<^  of   83 

mechanical  jn'opertiee  of  at-eel  mauTifactured  at  tlie  Midvaie  Works,  Nice- 
town,  Pa   84 

chemical  analysis  of  /Vmericau  tube-iron   85 

mechanical  propci-tie^  of  Unittxl  States  bronze   85 

initial  tension,  tenacity,  &c.,  of  cast-iron  guns  in  service   85 

standard  of  iron  for  ca^-iron  guns   86 

qualities  requisite  for  eelootiou   87 

high  iron  *   87 

various  qualities  of  cannon  metals   88 

.sami)le6   88 

development  of  crystals   89 

size  of  crystals   9''^ 

contraction  of  castings   90 

eflects  of  irregular  cooling   91 

Rodman's  improvement  in  casting   92 

description  of  the  process  of  manufacturing  cast-iron  upon  the  Rodman  plan .  9".J 

molding  ,   93 

casting   9^ 

cooling   97 

finishing   ^   98 

initial  tension — liow  determined,  &c   100 

observations  on  casting  guns  by  the  Rodman  method   102 

inspection  and  proof  of  ordnance  103, 104 

8-inch  converted  rifles : 

manufacture  of  the  bar  iron   105 

welding  the  bars   107 

coiling  ,   107 

welding  the  coils   108 

welding  the  section   109 

fabrication  of  the  tubes   110 

rifling   113 

bronze  for  cannon   12^S 

fabrication  of  bronze  guas   127 

])reservation  of  rifled  breech-loading  guns   159 

mechanical  tests  of     160 

testing  machine  (United  8tat<?s)   vi 

testing  machine,  Rodman   160 

capacity  of  .'   161 

tensile  strain   162 

the  deflection  163,164 

recording  the  strain   164 

indenting  force   165 

errors  of   166i 

measuring  instruments  used   166 

the  deimmeter  or  halmce  for  the  determination  of  the  specific  gravities  of 

metals   167 

method  of  using   168 

ths  hydrmmter  for  detoi-mining  the  specific  gravity  of  metals   160 

tests  of  metals  for  cannon — experiments  of  General  Uchatins,  of  Austria..  .187, 188 
Englwh  gun  metoJs : 

elastic  limit  and  tenacity  of  average  si-)ccimenH   189 

Italian  hronze : 

experiments  of  General  Rosset   189 

physical  properties  of  low  and  medium  steel   189 

relative  properties  of  metals  in  general   190 

tables  of  tenacity,  malleability,  ductility,  &c   190 

MiCHAELIS,  CaPT.  O.  E.  : 

the  Bonleng<S  chroi?iogr:*T>k  r'U'aya^lation)   173 


526 


INDEX. 


Page. 

Military  education  at  collegks: 

some  modification  of  the  law  recommended   :  i 

the  number  of  cojieges  thus  Leuetited  should  be  increased   \\ 

and  more  permanency  guaranteed  to  dt>  tailed  officers   x  i 

Military  small-arms  : 

extreme  ranges  of  xvii.  &  425 

Militia  : 

the  powers  of  Congress  over   vi 

extracts  from  the  report  of  a  committee  in  the  Continental  Congress   vii 

provisions  of  certain  sections  of  bill  H.  R.  5638   viii 

transcript  of  hill  to  provide  for  reorganizing,  arming,  and  diseipUning  the  militia 

(11.  R.  5638)   371 

the  aim  and  object  of  the  bill.   viii 

the  nvantB  of  the  militia  and  necessity  for  legislation  thereon   ix 

present  laws  in  relation  to^  in  part  obsolete  and  in  part  inoperative   x  \ 

the  wants  of  an  aative  militia  should  be  liberally  supplied    x 

statement  of  arms,  &c.,  distribute<l  to,  during  the  fiscal  vear  ended  June  30, 

1880  :     3> 

report  of  the  Committee  on  the  Militia  on  the  H.  R.  hiU  563b  to  reorganise,  arm, 

and  discipline  the  militia  of  the  United  States   357 

history  of  the  militia  law   358 

details  of  the  present  la  w   362 

tletails  of  the  proposed  law  •   363 

dift'erences  between  the  present  and  proposed  law  ,   3G5 

abstract  of  the  militia  force  of  the  United  States   368 

powers  of  Congress  and  rights  of  the  States   369 

answers  of  the  Chief  of  Ordnance  to  the  interrogatories  embraced  in  Senate 

resolution  of  December  13,  1877   374 

opinion  of  the  Attorney- Genei'al  as  to  the  right  of  States  to  dispose  of  arms,  issued 

to  them  for  the  mUitia,  by  sale  or  otherwise   377 

apportionment  of  armjs  to  the  States  and  Ten-itories  for  the  fiscal  year  ended 

June  30,  1877,  und«r  the  law  of  1808   381 

the  amounts  due  certain  of  the  States  in  1870  wMeh  accrued  during  their 

period  of  non-representation  in  Congress   382 

amounts  exhibiting  an  excess  of  arms  issued  to  certain  States  between  1861 

and  1865   384 

National  guard: 

the  active  militia  to  be  known  as   viii 

Officers  : 

detailed  at  colleges — a  modification  of  the  law  detailing,  called  for   xi 

Officers  op  the  line: 

number  transferred  to  the  Ordnance  Corps  during  the  fiscal  year   iv 

Ordnance  {See  Cannon,  Rifled  guns,  Metals) : 

includes  cannon  of  all  Idnds  fixed  from  carriages,  slides,  beds,  tripods,  &c. .  59 
weights,  dimensions,  Sec,  of  ordnance  and  ammunition  for  the  United  States- 
land  service   C6 

weights  and  dimensions  of  retained  ordnance,  United  States  land  service..  70 
weights,  dimensions,  &c.,  of  obsolete  United  States  ordnance  for  the  land 

service   72 

inspection  and  proof  of  ordnance  103, 104 

skidding   159 

mechanical  tests  of  metak   160 

fabrications  and  purchases  of  ordnance  and  ordnance  stores  at  the  ai'senals 

for  the  fiscal  year   1 

issues  to  the  military  establishment  exclusive  of  the  militia   5 

distributed  to  the  militia   32 

distributed  to  colleges  and  universities   36 

distributed  to  the  executive  depaiiments   39 

distributed  to  the  Territories  and  States  bordering  thereon   38 

Okdnance  Board  (See  Reports) : 

reports  of  (sixty-five  plates,  and  see  Rifled  guns,  Metals)   57 

trial  of  the  Gaixlner  machine  gun   387 

table  of  reports  and  contents  (with  pages)   57 

Ordnance  officers: 

their  stations  and  duties   517 

Papers  : 

list  of,  accompanying  report   xviii 

Paper-target  printing  machine  : 

description  of   261 
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riiirrs,  Catt.  F.  H.  : 

portable  arm  rack  tor  compauy  4uartoi-.s   21 

FLATKe : 

constmotiuii  loport  of  a.  ;{.18-incb  breecli-loading  cLambercd  rillc.  (two 

plates)  follows  43 

eoustrnctioii  report  of  a  tield-carriagc  for  3.18-iiicli  breecli-loadiug'  ritle  (ty\o 

plates)  r  follows  46 

lOiistructiou  report  of  an  8-iucli  miizzle-loadini^  eliauibered  rifle,  converted 
from  a  lO-iuch  Rodnum  tS.  13.  by  lining  by  breocb  insertion  with  a  coiled 
wronght-iron  tnbo,  having  a  jacket  shrunk  on,  extending  through  the 

breech  (one  plate)  follows  50 

iield,  siege,  and  sea-coast  cannon  (sixty-live  plates)  follows  195 

projectiles  for  the  land  service  (eighteen  plates)  follows  224 

report  of  the  trial  of  an  6-inch  exi)eriniental  mnzzle-loading  chambered  rifle 

No.  28  (two  plates)  follows  239 

report  of  the  principal  operations  at  the  Rock  Island  Arsenal  (four 

plates)  follows  259 

iiaper-target  printing  machine  (three  plates)  follows  263 

barrack-rack  for  small  arms  (one  plate)  follows  267 

cartridge  annealing  furnace  (one  X)late)  follows  269 

portable  arm-rack  for  company  quarters  (one  plate)  follows  271 

foreign  life-saving  rockets  and  rocket  apx^aratus  (nineteen  plates)  -  .follows  320 
]iew  method  of  fastening  faking-boxes  for  the  life-saving  service  (one 

plate)  follows  323 

galvanized   sheet-irou   faking-boxes   for   the   life-saving   service  (two 

plates)  follows  327 

carriage  for  the  Lowell  battery  gun  (three  plates)  follows  413 

the  Weldon  range-finder  (two  plates)  follows  420 

hand  tools  for  reloading  cartridges  (one  plate)  follows  424 

extreme  ranges  of  military  small-arms  (four  plates)  follows  505 

principal  dimensions  and  elements  of  fire  of  the  most  powerful  rifled  guns  ex- 
isting or  proposed  at  the  commencement  of  1380  (fourteen  x^lates). follows  514 
Portable  arm-rack  (one  i)late): 

description   271 

Powder  depot: 

site  for,  purchased  and  erection  of  magazines,  &c.,  commenced   v 

Powders  : 

progress  report  on  experimental  cannon  powders   51 

progressive  powder   51 

hexagonal  powder   51 

sphero-hexagonal  powder   51 

field-gun  powders  for  3.5-inch  muzzle-loading  rifle   52 

powder  for  3.18-inch  breech-loading  chambered  rifle   53 

for  the  4^-inch  siege  rifle  '.   250 

Pressure  gauges: 

for  determining  the  pressures  of  gases  in  the  bores  of  guns   177 

Professional  papers  : 

attention  called  to  some  important  ones   xiv 

Projectiles  for  the  land  service  (18  plates) : 

shot,  shell,  &c  :   197 

nomenclature  l97, 198 

dimensions,  weights,  &c   199 

shrapnel  for  rifled  guns   200 

diameters  of  balls  from  i  lb.  to  50  lbs.  weight   200 

lead  balls   201 

Hpherical  projectiles   201 

fabrication   201 

inspection   203 

cast-iron  projectiles   205 

projectiles  not  adopted  as  standard,  but  subject  to  issue   206 

.    Absterdam   208 

Arrick  (eureka)   207 

Butler   206 

Dana   207 

Dyer   208 

Hotchkiss   207 

Parrott   207 

Sawyer  canister   208 
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fabrication  of  rilled  projectiles   208 

cupola  furnace   209 

charging  door   209 

tapping   201> 

the  pattern   210 

core-box,  flasks   210 

molding   210 

casting  .-. .  212 

finishing  press   212 

inspection   21-> 

table  of  dimensions  and  variations  allowed   214 

instruments  used    21 'd 

ammunition  for  Ilotchkiss  revolving  cannon   217 

the  shell   217 

the  fuse   218 

the  cartridge  case   218 

the  lubricator   218 

dimensions  and  weights    211) 

ammunition  for  Hotchkisis  mountain  gun   210 

weights  and  dimensions   21& 

ammunition  for  Gatling  guns   220 

preservation  and  piling  of  balls   2*2«1 

table  of  number  of  baUs  in  a  pile   22:> 

rules  for  finding  weights  and  diameters  of  projectiles   2*20 

rifle  projectiles  

dimensions  provisionally  adopted  for  service  rifle  projectiles   2i'l 

Benton's  electro-ballistic  machine  for  determining  the  velocitv  of  a  projec- 
tile  \   40:^ 

Proving  ground  (Sandy  Hook): 

successful  and  important  labors  at   v 

Rack,  barrack,  for  small  arms   26  ^ 

Ramrod  bayonet: 

an  experimental  one  manufactured  for  issue  and  for  trial   xv' 

its  simplicity,  compactness,  and  lightness    xvi; 

dispenses  with  the  dangling  bayonet  scabbard   xvi 

Range-finder  (Weldon)   415 

Reloading  cartridges: 

the  adoption  of,  as  an  economy   t 

hand  tools  for,  the  care  and  use  of   421 

Re  ports  : 

of  the  constructor  of  ordvance :  (See  Rifled  guns)   40 

construction  report  of  a  3.17-inch  muzzle-loading  rifle   41 

construction 'report  of  a  field-carriage  for  a  3  8-iuch  bi'^ech-loading  rifle 

(2  plates)   45 

construction  report  of  a  3.18-inch  breech-loading  chambered  rifle  (2 

plates)   42 

construction  report  of  an  8-inch  muzzle-loading  rifle  (converted)  with 

an  increased  pitch  of  rifling   47 

construction  report  of  an  8-inch  muzzle-loading  chambered  rifle  (con- 
verted) (1  plate)   48 

progress  report  on  experimental  cannon  powders   51 

tests  of  bar-iron  used  in  the  fabrication  of  wrought-iron  tubes  for  con- 
verted rifles   54 

of  the  Ordnance  Board   57 

ordnance   5.) 

the  standard  kinds  and  calibers   BL'' 

definitions  

cascabel,  breech,  base-ring,  reinforce,  &Cy   59,60 

nomenclature  (model  of  1861  and  1874)  

rifled  guns,  mortars,  breech-loading  guns,  &c   60,61 

dimensions  and  weights  of  standard  ordnance,  United  States  land  service .  62 

ordnance  and  aromunition  of  the  United  States  land  service.   66 

dimensions  and  weights  of  retained  ordnance.  United  States  land  service.  70 

dimensions,  &c.,  of  obaoUfe  ordnance,  United  States  land  service  —  72 

physical  properties  of  metals   74 

metals  used  for  construction  of  ordnance  :  {See  Metals)   76 

American  metals  for  CAnaou  ;  (See  Metals)   83 


INDEX.  529 

Page. 

Rkports— Continued. 

fast-iron  jxiiiia   86 

standurd  of  iron     86 

process  of  niiiniifac-tnrin^ij  cast-iron  <;annon  npon  tlic  Rodman  plan   93 

observations  on  casting  f^iins  by  tho  Rodman  mtithod   102 

initial  tension,  bow  deterinineii ;  its  object,  its  effect,  and  proper  limit. ..  100 

insjjoction  and  ]»roof  of  ordnance     103 

8-inch  converted  rifles  :  {See  Rilled  gnns)   104 

8-inch  converted  rifles,  inu/>/l<'  insertion  (Palliser)   118 

8-inch  converted  rides,  breech  insertion  (jn-esont  system)   121 

8-inch  mnzzle-loading  rifle  (converted),  breech  insertion,  &c   123 

bronze  for  cannon   126 

fabrication  of,  at  Sonth  Boston  Fonndry   127 

3-inch  wron<;ht-iron  fi(^ld  rifle   131 

1.65-inch  breech-loading  monntain  gun  (Hotchkiss)   132 

the  Hotchkiss  revolving  cannon   134 

Oatling  guns   137 

the  12.2r)-inch  mnzzle-loading  rifle  (experimental)   140 

the  10-iuch  mnzzle-loading  rifle,  converted  (experimental)   148 

the  8-inch  breech-loading  ride  (experimental)   150 

the  3.5-inch  bronze  rifled  field  guns.  Dean's  patent   156 

examination  and  preservation  of  guns   158 

skidding  of  ordnance   159 

mechanical  tests   160 

the  Rodman  testing  machine    160 

the  densimeter   167 

the  hydrometer   169 

the  Bouleng6  chronograph   173 

mode  of  taking  gutta-percha  impressions  of  the  bores  of  guus   179 

formulas  pertaining  to  rifled  guns   180 

approximate  determination  of  the  center  of  gravity  by  experiment ;  method 

by  distorted  section   185 

tests  of  metals  for  guns  (table)   187 

English  gun  metal  (table)   189 

Italian  bronze  (table)   189 

relative  properties  of  metals  in  general  for  tenacity,  malleability, ductility, 

&c   190 

percentage  of  velocity,  &c.,  with  United  States  service  guus  (table)   191 

projectiles  for  the  laud  service  :  197 

on  the  trial  of  the  U-inch  muzzle-loading  rifle  No.  1   225 

trial  of  the  8-incli  breech-loadiug  rifle  No.  1   232 

trial  of  an  8-inch  experimental  muzzle-loading  chambered  rifle  No.  28   239 

trial  of  the  3.18-inch  breech-loading  chambered  rifle,  No.  774,  with  experi- 
mental field-carriage   249  i 

on  powders  for  the  4^-inch  siege  rifle   250 

of  the  principal  operations  at  Rock  Island  Arsenal    251 

on  foreign  life-saving  rockets  and  rocket  apparatus   273 

on  galvanized  sheet-iron  faking-boxes  for  the  life-saving  service   :  25 

on  the  militia   357 

on  the  Weldon  range-finder   415 

United  States  testing  machine     329 

Resources: 

of  the  Ordnance  Department  for  the  fiscal  year  ending  June  30,  1880    iii 

Responsibilities: 

of  the  Ordnance  Department   iv 

Rifled  projectiles.    (;6>f;  Projectiles,  &c.) 
Rifled  guns  {.see  also  Reports,  Metals) : 

the  most  powerful  existing  or  proposed,  at  the  commencement  of  1880   506 

the  3.17-inch  muzzle-loading  rifle,  description,  fabrication,  &c   41 

the  3.18-inch  breech-loading  chambered  rifle,  description,  fabrication,  dimen- 
sions, A-.c   42 

the  8-inch  muzzle-loading  rifle  (converted)  No.  29,  breech-insertion,  rapid 

twist,  description,  fabrication,  dimensions,  &c   47 

the  8  inch  muzzle-loading,  chambered  rifles  (converted),  breech  insertion, 

with  a  coiled,  wrought-iron  tube,  &c   48 

description,  rifling,  venting   48 

inspection,  principal  dimensions   49 

diameters  of  bore   50 

the  bar-iron  used  in  the  fabrication  of  the  wrought-iron  tubes  for  converted 

rifles   54 
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Rifled  guns — Continued. 

8-incli  converted  rifles   104 

manufacture  of  the  bar-iron   105 

welding  the  bars   107 

coiling   107 

welding  the  coils   108 

welding  the  sections   109 

fabrication  of  the  tubes   110 

rifling   im 

lapping    .  115 

inspection,  and  instruments  used  in  115-117 

marks   118 

8-inch  converted  rifles,  muzzle  insertion  (Palliser)   118 

parts,  the  casing   118 

the  coiled  wronght-iron  tubes   119 

dimensions,  variations  allowed   120 

8-inch  converted  rifles,  breech  insertion  (present  system)   121 

parts,  the  casing   121 

8-inch  muzzle-loading  (converted)  rifle  from  a  10-inch  Rodman  smooth-bore 
by  lining,  by  breech  insertion  with  a  coiled  wrought-iron  tube,  having  a 

jacket  shrunk  on,  &c   123^ 

description   124 

rifling   124 

venting,  fabrication   125 

inspection,  and  principal  dimensions   126 

fabrication  of  bronze  guns  at  South  Boston  Foundry   127 

3-inch  wronght-iron  field  rifle   131 

1.65-inch  breech-loading  mountain  gun  (Hotchkiss)   132 

principal  dimensions   133 

dimensions  of  cartridge,  &c   133 

service  of  the  piece   134 

Hotchkiss  revolving  cannon   134 

the  general  system   134 

the  operation  of  the  mechanism,  tfec   136 

dimensions,  &c.,  of  the  gun   136 

Hotchkiss'  revolving  cannon,  light  field  model,  caliber  1.45   136 

weights  and  dimensions   137 

Gatling  guns,  description,  &c   137 

the  12.25-inch  muzzle-loading  rifle,  experimental   140' 

rifling,  venting,  fabrication   141 

furnaces  and  iron   141 

gun- pit  and  flask   141 

casting,  cooling,  turning)  and  boring   142 

tests   143 

inspection   144 

principal  dimensions   144 

foundry  history  of  the  12.25-inch  muzzle-loading  rifle   145 

iron  used,  coal  consumed   145 

character  of  test  sticks   146 

record  of  casting   146 

cooling  tables   146 

mechanical  tests   147 

initial  tension   147 

the  10-inch  muzzle-loading  rifle  (converted),  experimental   148 

description   148 

rifling,  venting,  fabrication   149 

the  8-inch  breech-loading  rifle,  experimental   150* 

description   152: 

rifling,  chambering,  and  venting   153 

fabrication,  &c   154 

principal  dimensions     156 

the  3.5-inch  bronze  rifled  field  guns.  Dean's  patent   156 

fabrication   156 

tests   157 

density  and  tenacity   158 

preservation  of  rifled  breech  loading  guns   159" 

skidding   159 

mechanical  tests  of  the  metals  composing   160' 

tables  of  comparative  power  of  American  and  European  heavy -rifled  ord- 
nance   192 
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RlFI.EI>  GUN8— Coiltiliuod. 

tho  ll-iuf  li  luu/zlo-loading  rillo  No.  1   225 

t  ho  cari  iji<;o   225 

l)ow(l(MH   225 

projoctilcH   225 

effects  of  the  trial  on  the  gnu   225 

on  tlio  caTiiagc   226 

table  of  enlar<;oui('nts   227 

record  of  firings  for  endurance   230 

the  8  inch  breech-loading  rifle  No.  1   232 

trial  of,  for  endurance   232 

effects  on  the  gun  and  carriage   233 

record  of  firings   234 

table  of  enlargements   238 

the  8-inch  experimental  muzzle-loading  chambered  rifle  No.  28   239 

the  carriage,  powder,  projectiles,  &,c   239 

effects  of  the  trial   240^ 

record  of  firings   241-46 

table  of  enlargements   247 

the  3.18  inch  breech-loading  chambered  rifle  No.  774   249' 

the  4^-inch  siege  rifle : 

powders  for   250 

a  set  of  tables  and  plates  showing  the  principal  dimensions  and  elements  of 
fire  of  the  most  powerful  rifled  gnus  existing  or  proposed  at  the  com- 
mencement of  1880    506 

table  showing  comparative  practice  with  rifled  howitzers  and  smooth-bore 

mortars  ,   515 

table  of  the  weights,  dimensions,  charges,  &c.,  of  the  most  powerful  service 

and  experimental  guns  existing  in  1880  facing  514 

table  of  dimensions,  &c.,  of  European  10  and  11  inch  rifled  howitzers  and 

mortars  facing  514 

Rifles.    (See  Rifled  guns,  Small-arms.) 
Rockets,  life-saving  (19  plates) : 

report  on   273- 

Rock  Island  arsenal: 

construction  of  workshops  at   iv 

report  of  operations  at   251 

Rodman  testing  machine  :  (See  Testing  machine)   160 

RossET,  General  : 

experiments  on  Italian  bronze   189 

Russell,  Lieut.  A.  H. 

report  on  the  W^ldon  range-finder   415 

San  Antonio  Arsenal: 

need  of  additional  laud  for  the  erection  of  shops,  &c   v 

Scales,  Hon.  :  (H.  R.) 

from  the  Committee  on  the  Militia  submits  a  report  to  accompany  a  bill  on 

the  reorganization  of  the  militia   3.57 

Small- ARMS : 

extract  from  the  Army  and  Navy  Journal  on  the  rifles  used  at  Creedmoor..  x 

number  manufactured  at  the  National  Armory  during  the  fiscal  year   xt 

number  in  store  as  a  reserve  supply   xv 

the  great  superiority  of  the  Springfield  rifle  1   xv 

it  will  not  be  superseded  by  anything  short  of  a  magazine  ar  m   xv 

extreme  ranges  of  military  small- arms   xvii 

comparative  trials  of  the  Springfield  and  the  Martini-Henry  rifles   425 

weights,  dimensions,  ifec,  of  the  small-arms  of  the  leading  nations  of  the 

world   435 

long-range  firing,  experiments  with  the  Springfield  and  Martini-Henry 

rifle  437,  441 

the  time  of  flight  of  bullets  determined  by  the  telephone   441 

tables  of  results  of  firing  at  3,500,  3,000,  and  2,000  yards  with  the  Spring- 
field, Martini-Henry,  and  Sharp's  rifles  443-446 

summary  of  results  of  firing  at  Sandy  Hook  with  the  Springfield,  Martini- 
Henry,  and  Sharp's  rifles  449,450 

trials  with  heavy  bullets,  grooved  and  lubricated,  fired  from  rifles  with  va- 
rious twists  and  numbers  of  grooves,  as  compared  with  the  service  and 
patched  bullet  fired  from  the  Springfield  service  and  long-range  rifles 

respectively   450' 
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XL  ARMS — Continued, 
summary  of  results  of  firing  at  1,000,  800,  500,  and  300  yards  454-457 


Small  arms— Continued. 


Smith,  Capt.  Charles  S.  : 

a  set  of  tables  and  plates  showing  tlie  principal  dimensions  and  elements 
of  fire  of  the  most  powerful  rifled  guns  existing  or  proposed  at  the  com- 
mencement of  the  year  1880   506 

Springfield  rifle  {See  Small  arms): 

has  no  superior  and  will  not  he  superseded  by  anything  short  of  a  maga=- 

zine  gun   xt 

power  of  the  Springfield  rifle  and  carbine   448 

will  disable  and  possibly  kill  with  the  service  cartridge  at  nearly  3,000  yards .  449 
States  and  Territories: 

arms,  &c.,  distributed  to,  under  law  for  arming  and  equipping  militia  32,  381 

arms,  &c.,  distributed  to  Territories  and  States  bordering  thereon,  under 

joint  resolutions  and  acts  of  Congress   38 

Stations  and  duties: 

of  the  oflicers  of  the  Ordnance  Department  iv,  517 

Tables  : 

percentage  of  velocity  realized  and  energy  per  pound  of  powder  with  United 

States  service  guns    191 

of  comparative  i)ower  of  American  and  European  heavy-rifled  ordnance. ..  192 

of  comparison  between  United  States  and  European  light  siege  rifles   193 

cannou  and  ammunition  of  the  United  States  Navy   194 

a  set  of  tables  and  plates  showing  principal  dimensions  and  elements  of  fire 
of  the  most  powertul  rifled  guns  existing  or  proposed  at  the  commence- 
ment of  1880  facing  514 

Target  practice: 

the  match  at  Creedmoor   x 

victory  of  the  Army  team  from  the  Military  Division  of  the  Missouri   x 

the  Army  and  Navy  Journal  on  the  rifles  used   x 

the  use  of  round  balls  with  reduced  charges  for  gallery  practice   391 

the  operation  of  manufacturing  round  bullets  for  gallery  target  practice. .  400 
Targets,  paper  : 

description  of  machine  for  printing   261 

for  gallery  target  practice   397 

Telephone : 

first  use  of,  in  determining  time  of  flight  of  projectiles  xvii,  442 

Territories  and  States  bordering  thereon: 

arms,  &c.,  distributed  to,  under  joint  resolutions  and  acts  of  Congress   38 

Testing  machine  (United  States)  {See  United  States  testing  machine): 

success  of  the  most  perfect  testing  machine  in  the  world   vi 

the  value  of  its  determinations  to  the  government,  and  to  the  scientific  and 

industrial  interests  of  the  whole  country   vi 

message  from  the  President  of  the  United  States,  transmitting  memorial  and 

other  papers  in  the  case  of  A.  H.  Emery   329 

report  of  the  Committee  on  Claims  (H.  R.),  case  of  A.  H.  Emery   350 

The  Rodman  testing  machine   160 

capacity  of   161 

recording  the  strain   164 

crushing  force   164 

indenting  force   164 

errors  of   166 

measuring  instruments  used  with   166 

the  densimeter  (used  in  connection  with)   167 

the  hydrometer  (used  in  connection  with)   169 

Tests  of  metals  for  cannon  {See  Metals) : 

experiments  of  General  Uchatius,  of  Austria   187 

Thread  velocimeter  (Benton's)   412 

Uchatius,  General  (of  Austria) : 

experiments,  tests  of  metals  for  cannon   187 

United  States  testing  machine:  (5ee  Testing  machine)   vi 

Velocimeter: 

Benton's  electric   407 

Benton's  thread   412 

Velocity  of  projectiles  : 

determination  of,  by  Benton's  Electro-Ballistic  machine   403 

Watervliet  arsenal: 

the  high  estimate  of  the  Army  and  militia  of  the  manufactures  at   v 
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Wklt>on  kange-findkr  : 

n^Hort  on   415 

WlIMTKMOKi:,  LlKUT.  Coi,.  J.  M. : 

ic|»oit  (>r  a  new  ('artri<l<;<'  annealing  fnrna<«'  in  nHO  at  Fi ankfoid  Arsenal..  209 
experiments  on  ronnd  balls  with  reduced  charges  for  gallery  target  practice.  392 

target  for  gallery  target  i>raetiee   397 

instructions  for  the  care  an<l  use  of  the  Frankford  arsenal  hand  tools  for  re- 
loading cartridges   421 

WROiHJiiT-moN  TunKs : 

for  con  vented  rilles,  tests  of  bar-iron  used   54 
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